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ERRATA  FOR  *  PROCEEDINGS,*  VOL.  66,  MAY,  1894. 

In  8th  line  fifom  top  of  page  92,  §  10, /or  "  no  "  substitute  "  comparatively  little." 

In  last  line  but  one  of  §  13,  page  93, /«w  "  6.10^*  "  substitute  "  6.10-",*'  and  for 
"  4-8  per  cent."  substitute  "  4'8.10-8.*' 

Delete  the  first  paragraph  of  §  14. 

In  line  5  from  the  end  of  §  14,  for  ■'  Even  "  substitute  *'  But,"  and  in  line  3  from 
the  end  of  §  14  for  '*  sufficient  '*  substitute  "  insufficient." 


I,  "  Further  Observations  on  the  Organisation  of  the  Fossil 
Plants  of  the  Coal-Measures.  Part  2.  The  Roots  of  Cala-^ 
mites''  By  W.  C.  Williamson,  LL.D^  F.K.S.,  Emeritu» 
Professor  of  Botany  in  the  Owens  College,  Manchester ; 
and  D.  H.  Scott,  M.A.,  Ph.D.,  F.R.S.,  Honorary  Keeper  of 
the  Jodrell  Laboratory,  Royal  Gardens,  Kew.  Received 
October  31,  1894. 

(Abstract.) 

Until  quite  recently  our  knowledge  of  the  adventitioas  roots  of 
Calamifes  was  limited  to  their  external  form  and  position  on  the  st«eni. 
Though  the  structure  of  the  stem  itself  was  so  well  known,  we 
remained  in  complete  ignorance  of  the  internal  organisation  of  the 
roots. 
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2  On  Hie  Fossil  Plants  of  the  Coal^Measures,     [Nov.  15, 

M.  Benanlt,  in  1885,  expressed  tbe  opinion  that  the  fossils  origin- 
ally described  by  Dr.  Williamson  nnder  the  name  of  Astromyelon,*  in 
which  the  structure  is  well-preserved,  were  the  roots  of  ArthropittLs 
(our  Catamites)  and  Calamodendroni  He  has  now  found  conclasive 
proof  of  the  truth  of  this  hypothesis,  and  in  his  latest  workt  he 
gives  numerous  figures  of  roots,  with  Astromyelon  structure,  arising  as 
appendages  on  the  stems  of  CalamiteSy  Bomia^  and  Calamodendroti, 

It  therefore  became  necessary  to  reinvestigate  our  English 
specimens  of  Astromyelon  Williaimsotiis  (from  which  the  French 
fossils  are  said  to  be  specifically  distinct)  in  order  to  ascertain  their 
true  nature. 

A  specimen  in  the  Williamson  collection  shows  clearly  three  ap- 
pendages with  the  typical  structure  of  Astromyelouy  arising  from  a 
main  axis  which  shows  structaral  features  characteristic  of  a 
Calamitean  stem.  M.  Renault's  conclasion  may,  therefore,  safely  be 
extended  to  the  English  specimens. 

The  structure  of  the  fossils  hitherto  known  as  Astromyelon  William- 
soms  has  been  examined  in  detail,  with  a  view  to  determiDing  their 
morphological  nature.  It  is  found  that  they  present,  in  all  respects, 
the  characteristics  of  roots,  bo  far  as  these  can  be  recognised  in  fossil 
plants. 

In  the  larger  specimens,  such  as  have  been  found  in  direct  con- 
nection with  the  stem  of  Calamites,  there  is  a  well-marked  medulla, 
which  is  surrounded  by  a  ring  of  primary  xylem-strands,  varying  iTi 
number,  from  twenty-five  downwards.  The  development  of  each 
xylem-strand  was  centripetal,  for  the  spiral  tracheides  lie  at  the 
•external  angle  of  each  strand. 

In  well-preserved  specimens,  at  an  early  stage  of  development,  the 
primary  phloem  can  be  recogpiised,  alternating  with  the  primary 
strands  of  wood.  These  anatomical  features  are  characteristic  of  the 
roots  of  all  vascular  plants. 

The  secondary  wood,  which  has  been  observed  at  all  stages  of  de- 
velopment, agrees  in  structure  with  that  of  the  stem  of  Oalamites. 
In  favourable  cases  the  cambium  can  be  seen,  and  secondaiy  phloem 
has  also  been  found. 

The  mode  of  branching  is  shown  to  be  endogenous. 
There  is  some  evidence  that  these  organs  had  a  double  endodermis, 
as  is  the  case  in  tne  roots  of  the  recent  Equiseta.^ 

At  the  exterior  of  the  cortex  (which  always  had  a  lacunar  zone)  h 
|)rotective  epidermoidal  layer  was  formed,  probably  arising  from  the 

*  See  Williamson,  "  Organisation  of  Fossil  Plants  of  Coal-Measures,  Parts  IX 
Aud  XU"  *  Phil.  Trans.,*  1878  and  1883 ;  Renault,  **  Ocnre  Astromyelon," 
'  Ann.  des  Sci.  Otelogiques/  toI.  17, 1885,  and  '  M^m.  de  la  8oc.  des  Sci.  Nat.  dt* 
Sadne  et  Loire/  1885. 

t  '  Flore  Fosf  ile  d'Autun,'  &o.    Part.  2.    1893. 
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eells  next  below  the  actual  epidermis.  This  feature  occurs  in  many 
recent  roots. 

It  is  shown  incidentally  that  the  doubts  expi*essed  by  Messrs. 
Hick  and  Gash  as  to  the  identification  of  their  ^^  Myriophyllaides** 
with  '*  Astromyelon  "  are  unfounded.  A  section  of  the  type-specimen 
of  ^^MyriophyUoides**  has  been  re-examined,  and  its  structure  is 
shown  to  be  identical  with  that  of  the  other  specimens  of  "  Aatrih 
myelon,*^ 

The  numerous  minute  rootlets,  associated  with  the  larger  roots, 
have  been  carefully  examined.  Many  of  these  rootlets  are  without 
any  pith,  but  they  are  in  other  respects  identical  with  the  typical 
specimens,  with  which  they  are  connected  by  an  unbroken  series  of 
intermediate  forms.  There  are  also  instances  in  which  rootlets  are 
found  inserted  upon  the  medullate  roots. 

The  conclusions  at  which  the  authors  arrive  are  the  following : — 

1.  The  fossils  hitherto  described  under  the  name  of  AstromyeUm 
WilUarruonis  are  the  adventitious  roots  of  Oalamites, 

2.  Their  structure  is  in  all  respects  that  characteristic  of  roots,  as 
is  proved  by  the  centripetal  primary  wood,  the  alternating  strands  of 
primary  wood  and  phloem,  the  endogenous  mode  of  branching,  and 
the  absence  of  nodes. 

3«  The  smallest  specimens,  with  little  or  no  medulla,  represent  the 
finest  branches  of  the  same  roots,  of  which  the  large  medullate  forms 
are  the  relatively  main  axes. 

The  paper  is  illustrated  by  micro-photographs  from  the  actual 
specimens,  and  also  by  camerO'lucida  drawings. 


11.    "On  the  Ascent  of  Sap."     By  Henry  H.  Dixon,  B.A. 

Assistant  to  the  Professor  of  Botany,   Trinity  College, 

Dublin,  and  J.  JoLY,  M.A.,  ScD.,  F.R.S.  Received  October 

16, 1894. 

(Abstract.) 

Strasburger's  experiments  have  eliminated  the  direct  action  of 
living  protoplasm  from  the  problem  of  the  ascent  of  sap,  and  have 
left  only  the  tracheal  tissue,  as  an  organised  structure,  and  the  tran- 
spiration-activity of  the  leaf,  wherein  to  seek  an  explanation  of  the 
phenomenon.  The  authors  investigate  the  capability  of  the  leaf  to 
transpire  against  excessive  atmospheric  pressures.  In  these  experi- 
ments the  leaf  was  found  able  to  bring  forward  its  water  menisouses 
against  the  highest  pressures  attained  and  freely  transpire.  Whether 
the  draught  upon  the  sap  established  at  the  leaf  during  transpiration 
be  regarded  as  purely  capillary  or  not,  these  experiments  lead  the 
authors  to  believe  that  it  alone  is  quite  adequate  to  effect  the  eleva- 
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tion  by  direct  tension  of  the  sap  in  tall  trees.  Explanations  of  the 
lifting  of  the  Bap  from  other  canses  prove  inadequate. 

A  reconsideration  of  the  principal  experiments  of  previous  observers 
and  some  new  experiments  of  the  authors  lead  to  the  view  that  the 
ascent  is  principally  in  the  lumen  and  not  in  the  wall. 

The  explanation  of  how  the  tensile  stress  is  transmitted  in  the 
ascending  sap  without  rupture  of  the  column  of  liquid  is  found  in  the 
stable  condition  of  this  liquid.  The  state  of  stability  arises  from  two 
circumstances : — the  internal  stability  of  a  liquid  when  mechanically 
stretched,  whether  containing  dissolved  gases  or  not,  and  the  addi- 
tional stability  conferred  by  the  minutely  subdivided  structure  oi  the 
onducting  tissue,  which  renders  the  stressed  liquid  stable  even  in 
the  presence  of  free  gas. 

By  direct  experiments  upon  water  containing  large  quantities  of 
dissolved  air,  the  state  of  internal  stability  is  investigated.  And, 
further,  by  sealing  up  in  the  vessels,  in  which  the  water  to  be  pot 
under  tension  is  contained,  chips  of  the  wood  of  Taxus  haecata^  the 
authors  find  that  their  presence  in  no  case  gives  rise  to  rupture  of 
the  stressed  liquid,  but  that  this  occurs  preferably  anywhere  else, 
and  usually  on  the  glass  walls.  The  establishment  of  tensile  stress 
is  effected  in  the  usual  way,  by  cooling  the  completely  filled  vessel. 
A  measurement  possessing  considerable  accuracy  afforded  7^  atmos« 
pheres  as  being  attained  in  some  of  the  experiments. 

The  second  condition  of  stability  arises  directly  from  the  property 
of  the  pit-membranes  to  oppose  the  passage  of  free  gas,  while  they  are 
freely  permeable  to  the  motion  of  a  liquid.  Hence  a  chance  develop- 
ment of  free  gas  is  confined  in  effect  to  the  minute  dimensions  of  the 
compartment  in  which  it  is  evolved,  and  this  one  lumen  alone  is 
rendered  for  the  time  being  non-condacting.  On  the  other  hand,  in 
the  water-filled  portion  of  the  tracheal  tissue,  the  closing  membranes, 
occupying  the  median  and  least  obstructive  position,  the  motion  of 
the  stressed  sap  is  freely  allowed.  The  structure  of  the  conducting 
tissue  is,  in  fact,  a  configpiration  conferring  stability  on  a  stressed 
liquid  in  the  presence  (from  various  causes)  of  free  gas.  As  neither 
free  gas  nor  uuwetted  dust  particles  can  ascend  with  the  sap,  the 
authors  contend  that  the  state  of  tensile  stress  necessary  to  their 
hypothesis  is  inevitably  induced. 

The  energy  relations  of  the  leaf  with  its  surroundings,  on  the 
assumption  that  evaporation  at  capillary  water-surfaces  is  mainly 
responsible  for  the  elevation  of  sap,  may  be  illustrated  by  the  well- 
known  power  of  the  water-filled  porous  pot  to  draw  up  mercury  in  a 
tube  to  which  it  is  sealed.  The  authors  describe  an  engine  in  which 
the  energy  entering  in  the  form  of  heat  at  the  capillary  surfaces  may 
be  in  part  utilised  to  do  mechanical  work :  a  battery  of  twelve  small 
porous  pots,  freely  exposed  to  the  air,  keeping  up  the  continuous 


1894*]  The  PignientB  of  tlie  Pieridas.  5 

rotation  of  a  flj-wheel.  Beplaoing  the  poroas  pots  by  a  transpiring 
branch,  this  too  maintains  the  wheel  in  rotation.  This  is,  in  fact,  a 
vegetable  engine.  In  short,  the  transpiration  effects  going  on  at  the 
leaf  are,  in  so  far  as  they  are  the  result  of  spontaneous  evaporation 
and  nninfluenced  by  other  physiological  phenomena,  of  the  *'  sorting 
demon  "  class,  in  which  the  evaporating  surface  plays  the  part  of  a 
sink  of  thermal  energy. 

If  the  tensile  stress  in  the  sap  is  transmitted  to  the  root,  the 
authors  suggest  that  this  will  establish  in  the  capillaries  of  the  root* 
surface  meniscuses  competent  to  condense  water  rapidly  from  the 
surrounding  soil.  They  show  by  experiment  the  power  possessed 
even  by  a  i*oot  injured  by  lifting  from  the  soil,  of  condensing  water 
vapour  irom  a  damp  atmosphere.  Such  a  state  of  things  may  be 
illustrated  by  a  system  (which  the  authors  realised)  consisting  of  two 
porous  pots  connected  by  a  tube  and  all  filled  with  water ;  one,  the 
"''  leaf,"  exposed  to  the  air  gives  out  vapour,  the  other,  the  ^*  root," 
buried  in  damp  earth  supplies  the  demand  of  the  "  leaf,"  and  an  up- 
ward  current  in  the  connecting  tube  is  established. 


III.  "  The  Pigments  of  the  Pieridse.  A  Contribution  to  the  Study 
of  Excretory  Substances  which  function  in  Ornament."  By 
F.  GoWLAND  Hopkins,  Demonstrator  of  Physiology  and 
Chemistry  at  Guy's  Hospital,  London.  Communicated  by 
Professor  E.  Ray  Lankester,  F.R.S.    Received  October  5. 

1894. 

(Abstract.) 

The  paper  deals  with  the  chemistry  of  the  wing  pigments  of  that 
group  of  butterflies  known  as  the  PieridsB,  and  demonstrates  the 
excretory  nature  of  these  pigments.  The  following  are  the  salient 
facts  dealt  with,  most  of  the  statements  being  based  on  original  obser- 
vations described  in  the  paper : — 

1.  The  wing  scales  of  the  white  Pieridad  are  shown  to  contain  uric 
add,  this  substance  bearing  the  same  relation  to  the  scale  as  do  the 
pigments  in  the  coloured  PieridsB,  and  therefore  functioning  prac- 
tically as  a  white  pigment. 

2.  The  yellow  pigment  which  is  so  widely  distributed  in  the 
Pieridaa  (being  found  in  the  majority  of  the  genera)  is  shown  to  be 
a  derivative  of  uric  acid. 

3.  The  properties  of  this  yellow  pigment  are  described,  and  the 
results  of  its  analysis  are  given.  The  pigments  of  various  yeilow- 
Golonred  genera  are  shown  to  be  identical. 

4.  It  is  shown  that  this  yellow  pigment  may  be  artificially  pro- 
dnced  by  heating  uric  acid  with  water  in  sealed  tubes  at  high  ietci- 
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peratnres.  The  prodnct  bo  obtained  was  originally  described  hj 
Hlasiwetz  as  "  mycomelic  acid  " ;  but  evidence  is  bronght  forward  to 
show  that  the  substance  described  and  analysed  by  this  chemist  was 
in  reality  nrate  of  ammoninm  coloured  by  a'  yellow  body,  probably 
identical  with  the  natural  pigment. 

5.  The  identity  of  the  natural  and  artificial  products  is  demon- 
strated by  the  fact  that  both  yield  under  like  treatment  a  purple 
derivative,  which  has  a  well-marked  and  easily  identified  absorption 
spectrum. 

6.  The  artificial  yellow  product  has  not  yet  been  obtained  in  a  pure 
condition,  but  it  may  be  so  far  purified  as  to  exhibit  clearly  all  the 
general  properties  of  the  natural  pigment. 

7.  The  natural  pigment  as  prepared  for  analysis  is  shown  to  be 
almost  certainly  a  chemical  individual.  Its  probable  constitution  is 
discussed. 

8.  It  is  shown  that  this  yellow  substance  (denominated  in  the 
paper  "  Lepidotic  acid  "),  together  with  a  closely  allied  red  sub- 
stance, will  account  for  all  the  chemical  pigmentation  of  the  wing 
scales  of  the  coloured  PieridsB,  though  modifications  may  be  produced 
by  superadded  optical  efPects.  The  black  pigment  found  in  the  group 
is  not  dealt  with  in  the  paper. 

9.  The  described  uric  acid  derivatives,  though  universal  in  the 
PieridsB,  are  apparently  confined  to  this  group  among  the  Rhopalocera. 
This  fact  enables  the  interesting  observation  to  be  made,  that  where 
a  Pierid  mimics  an  insect  belonging  to  another  family,  the  pigments 
in  the  two  cases  are  chemically  quite  distinct.  This  is  well  seen  in 
the  genera  Leptalis  and  Mechanitis  respectively. 

10.  The  existence  of  pigments  other  than  scale-pigments  is  for  the 
first  time  described;  substances,  namely,  which  are  found  between 
the  wing  membranes,  and  which,  in  certain  genera,  are  the  basis  of 
ornament. 

11.  The  fact  that  the  scale-pigments  are  really  the  normal  excre- 
tory products  of  the  animal  utilised  in  ornament,  is  emphasised  by  the 
observation  that  the  yellow  Pierids,  on  emergence  from  the  chrysalis, 
are  apt  to  void  from  the  rectum  a  quantity  of  uric  acid  coloured  by  a 
yellow  substance  which  exactly  resembles  the  pigment  of  the  wing. 
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The  Society. 
Gottingen : — K.  Gesellschaft  der  Wissenschaften.     Abhandlungen 

(Math..Phys.  Klasse).     Bd.  XXXIX.     4to.     Gottingen  1894 ; 

Abhandlungen    (Hist.-Philol.    Klasse).     Bd.   XXXIX.    4to. 

Gottingen  1894  ;  Nachrichien  (Math.-Phys.  Klasse).  1894.  Nos. 

1 — 3.     8vo.     Gottingen;    Nachrichten   (Philol.-Hist.  Klasse). 

1894.     No.  2.     8vo.     Gottingen ;     ProtocoUe  der  bei  der  Dele- 

girt«nconferenz   in  Innsbruck   Yom   6 — 7.     September    1894 

abgehaltenen  Sitzungen.     8yo.     \_G'6ttingen  1894.] 

The  Society. 
Graz: — ^Natorwissenschaftlicher  Verein  fiir  Steiermark.    Mittheil- 

ungen.    Jahrg.  1893.     8yo.     Graz  1894. 

The  Society. 
Guatemala : — Sociedad  Gualtemalteca  de  Ciencias.     Revista  Men- 

Bual.     Tomo  II.     Num.  6 — 9.     8vo.     Guatemala  1894. 

The  Society. 
Ebmburg: — Naturhistorisches  Museum.   Mitteilungen.   Jahrg.  XI. 

8yo.    Hamburg  1894.  The  Museum. 

Hamilton  : — Hamilton    Association.      Journal    and    Proceedings. 

No.  10.     8vo.    Hamilton  1894.  The  Association. 

Hermannstadt : — Siebenbiirgischer  Vereiu  fiir  Naturwissenschaft- 

en.    Verhandlungen  und  Mittheilungen.   Jahrg.   XLIII.   8vo. 

Hermannstadt  1894.  The  Society. 

Hobart : — Royal  Society  of  Tasmania.     Papers  and  Proceedings. 

1893.     8vo.    Hobart  1894.  The  Society. 

Houghton: — ^Michigan    Mining    School.       Catalogue.       1895-96. 

8vo.    Houghtoti  1894.  The  School. 

Innsbruck : — Ferdinandeum.     Zeitschrift.     Heft  38.     8^0.     Inns- 
bruck 1893.  The  Ferdinandeum. 
Naturwissenschaftlich-Medizinischer  Verein.      Bericht.      Jahrg. 

XXI.     8vo.     Innsbruck  1894.  The  Society. 

Jena: — ^Medizinisch-naturwissenschaftliche     Gesellschaft.      Jena- 

ische  Zeitschrift.     Bd.  XXVIII.     Heft  4.     8vo.     Jena  1894. 

The  Society, 
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Karlsrohe  : — Teclinische  Hochscbule.       InauguraJ-Dissertationen. 

1893-94.     8vo.     Karlsruhe.  The  School. 

Kazan: — Imperial  Universitj.      Scientific  Notes.     1894.     No.  4. 

[Eftman.]     8vo.     Kazan.  The  University. 

Kew: — Boyal  Gardens.      Bulletin  of  Miscellaneous  Information. 

1894.     Nos.  90—94.     8vo.     London.  The  Director. 

Kiel :— Universitafc.     Schriften.     1893-94.     8vo. 

The  University. 
Klausenburg :— Erdelyi    Muzeum  Ep^ylet.     Brtesitc^.     "Evf.  XIX. 
Szak2.     Fiizetl— 2.     8vo.     Kolozsvdrt  1S94. 

The  Societj'. 
Konigsberg : — Physikalisch-Okonomische  Gesellschaft.     Schriften. 
Jahrg.  XXXIV.     4to.     Kanigsherg  1893.  The  Society. 

Lansing: — Michigan  Mining   School.      Reports  of  the  Director. 
1890-92.     8vo.     Lansing  1893.  The  School. 

Leipsic  : — Asironomische  Gesellschaft.    Vierteljahrsschrift.   Jahrg. 
XXIX.     Heft  2.     8vo.     Leipzig  1894.  The  Society. 

K.  Sachs.  Gesellschaft  der  Wissenschaften.  Abhandlnngen 
(Math.-Phys.  Classe).  Bd.  XXI.  No  2.  8vo.  Leipzig  1S94; 
Abhandlnngen  (Phil.-Hist.  Classe).  Bd.  XIV.  No.  6.  8vo. 
Ijeipzig  1894.  The  Society. 

Lisbon : — Academia  Real  das  Sciencias.     Sessao  Publica  em  De- 
zembro  de  1893.     8vo.     Lisboa  1893 ;  Documentos  remettidos 
da  India.     Tomo  IV.     4to.     Lisboa  1893 ;  [and  13  other  pub- 
lications.    8vo.  and  4to.J  The  Academj*. 
London: — ^Anthropological  Institute.    Journal.  Vol. XXIV.   No.  1. 
8vo.     London  1894.  The  Institute. 
British  Astronomical  Association.     Memoirs.     Vol.  III.     Parts 
2—3.     8vo.     London  1894;  Journal.     Vol.  IV.     Nos.  7—10. 
8vo.     London  1894.                                               The  Association. 
British  Museum.     Catalogue  of  Printed  Books.     Luther.     Pla — 
Plu.     Plu— Pol.     Pope— Por.    Por— Pou.    Pri— Pro.    Pue— 
Pz.     Q— Qwi.     Folio.     Lo^idon  1894.  The  Trustees. 
Camera    Club.      Journal.      Vol.    VIII.     Nos.    98—102.     8vo. 
London  1894.  The  Club. 
Entomological  Society.     Transactions.      1894.      Part  3.      8vo. 
Lofidon.                                                                        The  Society. 
Geological  Society.     Quarterly  Journal.    Vol.  L.     Parts  3—4. 
8vo.     London  1894 ;  List.     1894.     8vo.     London. 

The  Society. 

Geologists'  Association.     Proceedings.     Vol.  XIII.     Parts  8 — 9. 

8vo.     London  1894.  The  Association. 

Institute  of  Brewing.     Transactions.      Vol.  VII.      Nos.    7 — 8. 

8vo.    London  1894.  The  Institute. 
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Institute  of    Chemistrj.     Begister.      1894-95.      8vo.    London. 

The  Institute. 
Institution  of  Civil  Engineers.     Minutes  of  Proceedings,    VoL 

CXVI.      8vo.      London  1894;     Brief    Subject-Index,     Yols. 

LIX— CXVIII.     8vo.     London  1894.  The  Institution. 

Institution  of  Mechanical  Engineers.     Proceedings.   1894.   Nos. 

1 — 2.     8vo.    London.  The  Institution. 

Institution  of  Mining  and  Metallurgy.     Transactions.     Vol.  I. 

8vo.    London  1892-93 ;  Bye-Laws  and  List  of  Members.    8yo. 

London  1894.  The  Institution. 

Institution  of  Naval  Architects.     Transactions.    Vol.  XXXV. 

4to.     London  1894.  The  Institution. 

Iron  and  Steel  Institute.     Journal.    Vol.  XLV.     8vo.    London 

1894.  The  Institute. 

Linnean   Society.     Transactions   (Botany).     Vol.  III.     Parts 

9—11.     Vol.  IV.     Part  1.    4to.    London  1893-94;  Transac- 
tions (Zoology),     VoL  V.     Part  11.    Vol.  VI.     Parts  1—2. 

4to.     London   1894;   Journal   (Botany).     Vol.  XXVI.     No. 

177.     Vol.  XXX.     No.  209.     8vo.     London    1894;    Journal 

(Zoology).     Vol.  XXV.     No.  158.     8vo.     London  1894 ;  Pro-^ 

ceedings.    November  1892-June  1893.    8vo.     London   1894; 

List.     1893-94.     8vo.     London.  The  Society. 

London  Mathematical  Society.     Proceedings.     Vol.  XXV.   Nos. 

481—494.     8vo.     London  [1894].  The  Society  J 

Marine  Biological  Association.      Journal.      Vol.  III.     No.  3. 

8vo.    London  1894.  The  Association. 

Mineralogical  Society.    Mineralogical  Magazine.    Vol.  X.    No. 

48.     8vo.    London  1894.  The  Society. 

Odontological  Society  of   Great  Britain.      Transactions.    VoL 

XXVI.     No.  8.     8vo.     London  1894.  The  Society. 

Photographic  Society.    Journal  and  Transactions.    Vol.  XVIII. 

Nos.  10—11.     8vo.     London  1894.  The  Society. 

Physical   Society.      Proceedings.      Vol.   XII.      Part   4.      Vol. 

XIII.     Part  1.     8vo.     London  1894.  The  Society. 

Royal  Agricultural  Society.      Journal.    Vol.  V.      Parts  2 — 3. 

8vo.     London  1894.  The  Society. 

Boyal  College  of  Surgeons.     Calendar.     1894.     8vo.     London. 

The  College. 
Boyal  Horticultural  Society.   Journal.    Vol.  XVII.    Parts  1 — 2. 

8vo.    London  1894.  The  Society. 

Royal  Meteorological  Society.     Quarterly  Journal.     Vol.   XX. 

Nos.  90— 91.    8vo.   JOowcf/m  1894;  The  Meteorological  Record. 

Vol.  XIII.     Nos.    51—62.      8vo.     London  [1894]  ;   List  of 

Fellows.     1894.     8vo.    London.  The  Soci^t^' . 
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Royal  Microscopical  Society.      Joamal.      1894.      Parts  3 — 5. 

8vo.     London.  The  Society. 

Royal  Photographic  Society.    Journal  and  Transactions.     Vol. 

XVIII.    No.  12.    Vol.  XIX.    Nob.  1—2.    8vo.    Lo«(^  1894^. 

The  Society. 
Royal  Statistical  Society.    Journal.     Vol.  LVII.     Parts  2 — 3. 

8vo.     Londcm  1894.  The  Society. 

Royal  United  Service  Institution.    Journal.     VoL  XXXVIII. 

Nos.  196—200.    8yo.    London  1894.  The  Jnstitation. 

>St.  Bartholomew's   Hospital.     Statistical  Tables.     1893.     8yo. 

London  1894.  The  Hospital. 

•Sanitary  Institute.     Journal.     Vol.  XV.     Part  2.    8vo.    London 

1894.  The  Institute. 

■Society    of   Antiquaries.      Archaeology.     Vol.  LIV.     Part    1. 

4to.     Lotidon  1894;    Proceedings.     Vol.  XV.     No.    1.     8vo. 

[London  1894].  The  Society. 

•Society    of    Biblical    Archeology.      Proceedings.      Vol.    XVI. 

Parts  7—8.     8vo.     London  1894.  The  Society. 

Victoria  Institute.     Journal.      Vol.  XXVII.     Nos.  106—108. 

8yo.      Londofi  [1894].  The  Institute. 

Zoological  Society.     Transactions.     Vol.  XIII.     Part  9.     4to. 

London  1894 ;  Proceedings.    1894.   Parts  2 — 3.     Svo.    London, 

The  Society. 
Manchester: — Geological    Society.      Transactions.      Vol.    XXII. 

Parts  19—21.     870.    Manchester  1894.  The  Society. 

Literary  and  Philosophical  Society.     Memoirs  and  Proceedings. 

Vol.  VIII.     No.  3.     8vo.    Manchester  [1894].        The  Society. 
■Mexico : — Asociacion     de     Ingenieros    y    Arquitectos.       Anales. 

Tomo  III.     Entr.  10—15.     8vo.    Mexico  1894. 

The  Association. 

Sociedad  Cientifica  *' Antonio  Alzate."     Memorias  y  Revista. 

Tomo  VII.     Nos.  11—12.     8vo.    Mexico  1894. 

The  Society. 

Montreal : — McGill  University.  Annual  Calendar.  Session  1894-96. 

8vo.     Montreal;  Annual  Report  of  the  Governors,  Principal 

and  Fellows.     1893.     8vo.     [Montreal  IS94,] 

The  University. 
Moscow  : — Society  Imp6riale  des  Naturalistes.      Bulletin.     1 894. 

No.  1.     8vo.     Moscou  1894.  The  Society. 

Munich  : — K.  B.  Akademie  der  Wissenschaften.     Sitzungsberichte 

(Math..PhyH.  Glasse).     1894.     Heft  2— 3.    8vo.     Miinchen. 

The  Academy. 
Miinster : — Konigliche      Akademie.  Inauguial-Dissertationen. 

1893-94.     8vo.     Munster.  The  Academy. 
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Naples: — R.  Accademia  delle  Scienze  Fisiche  e  Matematiohe. 
Atti.  Vol.  VI.  4to.  Napoli  1894 ;  Rendiconto.  Anno  XXXIII. 
Fasc.  3—7.     4to.    Napoli  1894.  The  Academy. 

B.  Accademia  di  Scienze  Morali  e  Politiche.  Atti.  Vol.  XXVI. 
Syo.  Napoli  1894 ;  Rendiconto.  Anni  XXXI — XXXII.  8vo. 
Napoli  1892-93.  The  Academy. 

Zoologieche  Station.  Mittheilangen.  Bd.  XI.  Heft  3.  8vo. 
Berlin  lS9i.  The  Station. 

Netherlands  : — Nederlandsche  Botanische  Vereeniging.  Neder-^ 
landsch  Kruidkundig  Archief.  Deel  VI.  Stuk  3.  8vo. 
Nijmegen  1894.  Foreign  Office,  The  Hagae. 

New  York  : — Academy  of  Sciences.  Annals.  Vol.  V.  Nos.  9 — 12. 
Vol.  VI.  Nos.  7—12.  Vol.  VII.  Nos.  6—12.  Vol.  VIII. 
No.  4.    8vo.    New  York  1890-94.  The  Academy. 

American  Geographical  Society.  Bulletin.  Vol.  XX VT.  Nos. 
2—3.     8vo.    New  York  1894.  The  Society. 

American  Mnseum  of  Nataral  History.  Annual  Report.  1893. 
8vo.  New  York  1894 ;  Bulletin.  Vol.  VI.  Pages  193—304. 
8?o.     [New  York]  1894.  The  Museum. 

Linnaean  Society.  Abstracts  of  the  Proceedings.  1893-94. 
No.  6.    8vo.    New  York.  The  Society. 

Scientific  Alliance.  Fourth  Annual  Directory.  8vo.  New  York 
1894.  The  Alliance. 

Nottingham: — University  College.  Calendar.  1894-95.  8vo. 
Nottingham.  The  College. 

Odessai-r-New  Russian  Society  of  Naturalists.  Zapiski.  Vol.  XVIII. 
Part  2.     [Russian,']     8ro.     Odessa  1894.     -  The  Society. 

Palermo  t — Circolo  Matematico.  Rendiconti.  Tomo  VIII. 
Fasc.  4—6.    8\ro.    Palenno  1894.  The  Circle. 

Paris: — ^Association  Fran9aise  pour  rAvancement  des  Sciences. 
Compte  Rendu.     Sessions  21—22.     Svo.     Paris  1892-94. 

The  Association. 

Bureau  Central  Met6orologique.     Annales.     1892.    3  vols.     4to. 

Paris  1894.  The  Bureau. 

ficole  Normale  Superieure.     Annales  Scientifiques.     Tome  XI. 

Nos.  7—10.     4to.     Paris  1894.  The  School. 

Society  de  Geographic.     Bulletin.     Tome  XV.     Trim.  1.     8vo. 

Parw  1894.  The  Society. 

Soci^t6    Entomologique    de    France.      Annales.     Vol.    LXIIl. 

Trim.  1.     8vo.     Paris  1894.  The  Society. 

Societe    Fran9aise    de    Physique.      Seances.     1893.      Juillet— 

Ddcembre.    1894.   Fasc.  1—2.   8vo.   Paris.  The  Society. 

Soci6t6  Math^matique.   Bulletin.   Tome  XXII.    Nos.  5 — 8.    8yo. 

Paris  [1894].  The  Soctet^ . 
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Boci6t6  Philomathiqne.     Balletin.     Tome   VI.      No.    2.     8vo. 

Paris  1894.  The  Society. 

Philadelpbia  : — ^Academy  of  Natural  Sciences.     Jonmal.     Vol.  X. 

Part  1.    4to.    Philadelphia  1894 ;  Proceedings.     1893.  Part  3. 

1894.    Part  1.    870.     PhUadelphta.  The  Academy. 

American  Philosophical  Society.     Proceedings.     Vol.*  XXXIII. 

No.  144.     8to.    Philadelphia  1894.  The  Society. 

Pisa: — Society  Toscana  di  Scienze  Natarali.      Prooessi    Verbali. 

VoL  IX     Pages  63—132.    8vo.     iPisa]  1894. 

The  Society. 
Prague: — G^sellschaft  zur    Fordening    Deutscher   Wissenschaft, 
Kunst  und  Literatur  in  Bohmen.     tTbersicht  iiber  die  Leist- 
ungen  der  Deutschen  Boh  mens  auf  dem  Gebiete  der  Wissen- 
schaft, Kunst  und  Literatur  im  Jahre  1892. .    8vo.    Prog  1894. 

The  Society. 
K.   Bohm.      Gesellscbaft   der  Wissenschaften.      Jahresberiobt. 

1893.  8yo.      Prag   1894;    Sitzungsberichte    (Math.-naturw. 
Classe).     1893.    8vo.     Pro^  1894.  The  Society. 

Rome: — ^Accademia   Pontifioia   de'   Naovi   Lincei.      Atti.      Anno 

XLVI.     Sessioni  4 — 8.    Anno  XLVII.     Sessioni  1 — 3.    4to. 

Boma  1893-94.  Tbe  Academy. 

B.   Comitato  Geologico   d'ltalia.     BoUettino.    1894.     Trim.   2. 

8vo.    Boma  1894.  The  Committee. 

Sacramento: — California      State     Mining     Bureau.       Bulletin. 

Nos.  3 — 4.     8vo.     Sacramento  1894.  The  Bureau. 

Saint  John : — Natural  History  Society  of  New  Brunswick.  Bulletin. 

Nos.  2,  4— 10.     8vo.     Saint  John,  N.B.     1883-92. 

The  Society. 
St.    Petersburg: — Academic   Imp^riale    dee   Sciences.      Bulletin. 

Vol.  XXXVI.     Nos.  1—2.     8vo.     St  PStersbourg  1894. 

The  Academy. 
San   Francisco : — Geographical    Society  of   California.     Bulletin. 

May,  1894.     8vo.     San  Francisco.  The  Society. 

Santiago : — Sociedad   Nacional    de    Mineria.     Boletin.     Ano   XI. 

Nos.  66—69.     4to.     Santiago  de  Chile  1894.  The  Society. 

Soci^t^  Scientifique  de  Chili.     Actes.     Tome  IV.    Livr.  1.     8vo. 

Santiago  1894.  The  Society. 

Siena: — ^R.  Accademiadei  Fisiocritici.   Atti.  Vol.  VI.    Fasc  8 — 9. 

8vo.     Siena   1894;    Processi   Verbali.     No.    5.     8vo.      Sienu 

1894.  The  Academy. 
Somerville,   Mass.: — Tufts   College.      Studies.     Nos.    2 — 3.     Svo. 

TufU  College  1894.  The  College. 

Stockholm  : — K.    Svenska  Vetenskaps   Akademie.      Haudlingar. 

1892.     Haft    1.      4to.      Stockholm;     Ofversigt.     Arg.     LI. 
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"Nos.  5— 7.     8vo.     Stockholm  lS94i;BihKng.     Bd.  XIX.     8vo. 

jS^ocA;^Zm  1894;  Lefnadsteckningar.     Bd.  III.     Haft  2.     8vo. 

Stockholm  1894.  The  Academy. 

Sydney : — Lianean   Society  of  New   South  Wales.     Proceedings. 

Vol.  VIII.     Parts   2—4.     Vol.   IX.     Part   1.     8vo.     Sydney 

1893-94.  The  Society. 

Royal  Society  of  New  South  Wales.     Journal  and  Proceedings. 

Vol.  XXVII.     8vo.     Sydney  [1894].  The  Society. 

University.   Calendar.    1894.   8vo.   Sydney,  The  University. 

Tokyo ; — ^Imperial  Univei'sity.     Journal  of  the  College  of  Science. 

Vol.  VI.     Part  4.     Vol.  VII.     Part  1.     8vo.     Tokyo  1894». 

The  University. 

Tonlonse : — ^Paculte  des  Sciences.     Annales.     Tome  VIII.     Fasc. 

2—3.    4to.     Pam  1894.  The  Faculty. 

Turin : — R.  Accademia  delle  Scienze.     Atti.     Vol.  XXIX.     Disp. 

11—15.     8vo.     Torino  1894.  The  Academy. 

Up^a: — Kongl.  Vetenskaps  Societet.      Nova  Acta.     Vol.  XVI. 

4to.     Upealim  1893.  The  Society. 

Universitet   Arsskrift.    1893.    8vo.    Upsala;  Theses.     1893-94. 

8vo.  The  University 

Utrecht: — Nederlandsch    Gasthuis    voor     Ooglijders.       Oogheel- 

kundige  Verslagen  en  Bijbladen.     No.  35.    8vo.    Utrecht  1894. 

The  Hospital. 

Provinciaal  Utrechtsch  Genootschap.     Aanteekeningen.      1893. 

8vo.     Utrecht;    Verslag.     1893.     8vo.     Utrecht;    De  Neder- 

landsche  Ambassade-Kapel  te  Parijs :  Kerkhistorische  Studie 

door  L.  A.  van  Iiangeraad.  2  vols.  8vo.  ^sGravenhage  1893-94. 

The  Society. 

Vienna : — Anthi-opologische    Gesellschaft.      Mittheilungen.       Bd. 

XXIV.     Heft  3—4.     4to.     Wien  1894.  The  Society. 

Kais.  Akademie  der  Wissenschnften.     Sitzungsberichte  (Math.- 

Phys.  Classe).     Bd.  CIII.     Abth.  1.     Heffc  1—7.     Abth.  2a. 

Heft  3—7.   Abth.  2b.    Heft  4—5.    Abth.  3.   Heft  1—7.    8vo. 

Wien  1894.  The  Academy. 

K.K.    Geologische    Reichsanstalt.      Jahrbuch.     Jahrg.      1891. 

Heft  4.     1894.     Heft  1.     8vo.     Wien  1894;  Verhandlungen. 

1894.     No.  5.     8vo.     Wien.  The  Institute. 

K.K.  Zoologisch-botanische  Gesellschaft.    Verhandlung^^.     Bd. 

XLTV.     Qnartal  1—2.     8vo.     Wien  1894.  The  Society. 

Washington : — Bureau  of  Ethnology.     Tenth  Annual  Report.    4to. 

Washington  1893 ;  Bibliography  of  the  Wakashan  Languages. 

8vo.     Washington  1894;  The  Maya  Year.     8vo.     Washington 

1894 ;  The  Pamunkey  Indians  of  Virginia.     8vo.     Washington 

1894.  The  Bureau. 
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Smithsonian  Institution.  Annual  Heport.  1892.  8vo.  Wash^ 
ington  1893.  The  Institution. 

U.S.  Bureau  of  Education.  Catalog  of  "A.  L.  A."  Library, 
selected  by  the  American  Library  Association  and  shown  at 
the  World's  Columbian  Exposition.  870.  Wcuihiiigton  1893 ; 
StatiHtics  of  Public  Libraries  in  the  United  States  and  Canada. 
8fo.     Washingion  1893.  The  Borean. 

U.S.  National  Museum.  Bulletin.  No.  43.  8vo.  Wcuhingtoti 
1893.  The  Museum. 

Wellington  : — New  Zealand  Institute.  Transactions  and  Proceed- 
ings. Vol.  XXVI.  870.  Wellington  1894.  The  Institute. 
Polynesian  Society.  Journal.  Vol.  III.  No.  2.  8vo.  Welling- 
ton, N.Z,  1894.  The  Society. 
Wurzhurg  : — Physikalisch-medicinische  Gesellschaft.  Sitzungs- 
Berichte.  Jahrg.  1894.  Nos.  1 — 4.  8vo.  Wurzhurg;  Ver- 
handlungen.     Bd.  XXVIII.    No.  1.    8vo.     Ww^hurg  1894. 

The  Society. 

Zurich: — Naturforschende  Gesellschaft.  Vierteljahrsschrift.  Jahrg. 

XXXIX.     Heft.  2.     8vo.     ZtincM894.  The  Society. 
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AlsaocrLoiTaine: — ^Meteorologisches  Landesdienst.  Ergebnisse  der 
Metcorologischen  Beobachtungen  im  Beichsland  Eisass- 
Lothringen.     1892.     4to.     Stranshurg  1.  E.  1894. 

Meteorological  Office,  London. 

Austria: — K.K.  Gradmessungs  Bureau.  Astronomische  Arbeiten. 
Bd.  V.     Langenbestimmungen.     4to.     Wten  1893. 

The  Bureau. 

Berlin  : — Konigl.  Preussisches  Geodatisches  Institut.  Polhdhen- 
bestimmungcn  im  Harzgebiet  ausgefiihrt  in  den  Jahren  1887 
bis  1891.     4to.     Berlin  1894.  The  Institute, 

Bribbane : — Registrar- GeneraFs  Office.  Statistics  of  the  Colony  oi 
Queensland.  1893.  Folio.  Brhhane  1894 ;  Vital  Statistics. 
1893.     Folio.     Brisbane  1894.  The  Registrar-General. 

Bucharest : — Institutul  Meteorologic.  Analele.  Tom.  VIII.  4to. 
Bucuresti  1894.  The  Institute. 

Calcutta: — Meteorological  Department,  Government  of  India. 
Meteorological  Observations  recorded  at  Seven  Stations  in 
India.  January — May,  1894.  4to.  Calcutta;  Monthly 
Weather  Review.  January — May,  1894.  4to.  Calcutta ;  India 
Weather  Review:  Annual  Summary.  1893.  4to.  Calcutta 
1894;  Rainfall  of  India.     1893.     Folio.     Calcutta  1894. 

The  Department. 
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Obseirations  and  ^ELe^ovis  (continued). 

Survey  of  India  Department.  General  Beport  of  the  Opera- 
tions.   1892-93.    Folio.    Calcutta  1894.  The  Department. 

Cape  of  Oood  Hope: — Royal  Observatory.  Heliometer  Observa- 
tions for  determination  of  Stellar  Parallax,  made  by  D.  Gill. 
8vo.  London  1893;  Beport  of  H.M.  Astronomer  for  the 
Period  1879,  May  26  to  1889,  July  21.     4to.     [1893]. 

The  Observatory. 

Chemnitz : — Konigl.  Sachsisches  Meteorologisches  Inst  it  ut.     Jahr- 
.  buch.     Jahrg.  XI.     Abth.  1—3.     4to.     Chemnitz  1894. 

The  Institute. 

Cordova : — Observatorio  Nacional.  Besultados.  Vol.  XVII.  4to. 
£ueno8  Aires  1894;  Atlas  para  acompanar  a  los  Tomos  XVI 
y  XVII.  Oblong.    [Buenos  Aires']  1893.  The  Observatory. 

France: — Minist^re  des  Travaux  Pablics.  £tade8  des  Gites 
Min^raux  de  la  France :  Les  Terrains  Tertiares  de  la  Bresse. 
2  parts.     4to.     Paris  1893.  The  Ministry. 

Helsingfors: — Institut  M6teorologique  Central.  Observations 
M6t6orologique8,  1881-88.  4  vols.  Folio.  Kuopio  1893-94 ; 
Observations  Meteorologiques  faites  a  Helsingfors,  1887-89, 
1892.     2  vols.     Folio.     Helsingfors  1S9S.  The  Institute. 

Hongkong: — Observatory.  Observations  and  Besearehes.  1893. 
Folio.     Hongkong  1894.  The  Observatory. 

India : — Geological  Survey.  Becords.  Vol.  XXVII.  Parts  2 — 3. 
8vo.     Calcutta  1894.  The  Survey. 

Great  Trigonometrical  Survey.  Synopsis  of  the  Besults  of 
Operations.  Vol.  XXXIII.  4to.  Dehra  Dun  1893;  Spirit- 
levelled  Heights :  No.  6,  Bombay  Presidency,  Season  1890-91. 
8vo.     Dehra  Dun  1892.  The  Survey. 

Bevenne  and  Agricultural  Department,  Government  of  India. 
Memorandum  on  the  Snov^all  in  the  Mountain  Districts 
bordering  Northern  India  and  the  Abnormal  Features  of  the 
Weather  in  India  during  the  past  five  months.  Folio.  Simla 
1894.  Meteorological  Office,  Calcutta. 

International : — ^Association  G6od6siqne  Internationale.  Comptes- 
Bendus  des  Stances  de  la  Commission  Permanente.  1893. 
4to.     Neuchaiel  1894.  The  Central  Bureau. 

London: — ^Admiralty.  Deep  Sea  Exploration  in  Faeroe  Channel, 
by  H.M.S.  "  Triton,"  1882,  commanded  by  Staff- Commander 
T.  H.  Tizard.  Folio.  [London  1894]  ;  Longitude  of  Malacca, 
determined  by  means  of  Telegraphic  Signals  exchanged  with 
Singapore,  1893.  Folio.  London  1894 ;  Beport  on  the  Besults 
of  Dredgings  obtained  on  the  Macclesfield  Bank,  China  Sea, 
by  P.  W.  Bassett-Smith.     Folio.    Lotidon  1894. 

The  Hydrograpber. 
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Local  Government  Board.  Report  of  the  Medical  Officer. 
1892-93.     8vo.     London  1894.  The  Medical  Officer. 

Lyme  Regis: — Roosdon  Observatory.  Meteorological  Observa- 
tions. 1893.  4to.  London  1894.  Mr.  C.  E.  Peek. 
Madras: — Government  Observatory.  Resnlts  of  Observations  of 
the  Fixed  Stars  made  with  the  Meridian  Circle.  Vol.  VII. 
4to.  Madras  1894.  The  Observatory. 
Mauritius : — Royal  Alfred  Observatory.  Resnlts  of  Meteorological 
Observations.     1893.     Folio.     [^Mauritius  1894.] 

The  Observatory. 
Melbonme : — Department  of  Mines.   Annual  Report.    1893.    Folio. 
Melbourne  1894.  The  Department. 

Observatory.  Record  of  Results  of  Observations  in  Meteorology 
and  Terrestrial  Magnetism.  October,  1893  to  March,  1894. 
8vo.     Melbourne  1894.  The  Observatory. 

Mount  Hamilton  : — Lick  Observatory.  Publications.  Vol.  II.  4to. 
Sacramento  1894.  The  Observatory. 

New  South  Wales: — Geological  Survey.  Memoirs:  Geology. 
No.  5.  4to.  Sydney  1894 ;  Records.  Vol.  IV.  Part  1.  4to. 
Sydney  1894.  The  Survey. 

.    Niagara : — State  Reservation.     Tenth  Annual  Report  of  the  Com- 
missioners.    8vo.     Albany  1894.  The  Commissioners. 
Oxford  : — Radcliffe  Observatory.     Catalogue  of  6,424  Stars  for  the 
Epoch  1890.    4to.     Oo^(yrd  1894.  The  Observatory. 
Prague: — K.  K.   Stemwarte.      Magnetischo  und  Meteorologische 
Beobachtungen.     Jahrg.  LIV.     4to.     Frag  1894. 

The  Observatory. 

Salonica: — Station  M^t^orologique.  [Observations.  1893-94.] 
8vo,     Salonique  1894.  The  Station. 

Sydney  : — Department  of  Mines  and  Agriculture.    Annual  Report. 

1893.  Folio.     Sydney  1894.  The  Department. 
Observatory.       Meteorological    Observations.       January — May, 

1894.  8vo.  [SydneyJ]  The  Observatory. 
United  Kingdom  : — Geological  Survey.     Memoirs :    The  Jurassic 

Rocks  of  Britain.  Vol.  IV.  8vo.  London  1894.  The  Survey. 
Washington: — D.   S.   Department   of    Agriculture.      Experiment 

Station  Record.     Vol.  V.    Nos.  8 — 9.    8vo.     Washington  1894. 

The  Department. 
U.S.  Fish  Commission.     Bulletin.    Vol.  XI.      8vo.      Washington 

1893.  The  Commission. 

U.S.  Geological  Survey.  Monographs.  Vols.  XIX,  XXI— XXII. 

4to.     Washington  1892-93 ;  Mineral  Resources  of  the  United 

States.       1892-93.      8vo.      Washington    189^-94;     Bulletin. 

Nos.  97—117.     8vo.     Washington  1893-94.  The  Survey. 
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Weather  Bnrean.     Maryland  State  Weather  Service.     Vol.  III. 
Nos.  1—2,  4,  6—8,  11—12.     4to.     Baltimore  1893-94;  The 
Climatolofirj  and  Physical  Features  of  Maryland.     8vo.    Balti 
more   1894;  Monthly  Weather    Review.     April — July,    1894 
4to.      Washington    1894 ;     Annual    Summary.      1893.      4to 
Washington  1894 ;  Report  of  the  Chief  of  the  Weather  Bureau 
1893.     8vo.     Washington  1894 ;  Report  of  the  Ohio  Weather 
and   Crop   Service.      June — August,    1894.    Bvo.      Norwalk ; 
Protection  from  Lightning  :  by  A.  McAdie.     8vo.     Washing- 
ion    1894;    Weather  Bureau.     Report  of   the    International 
Meteorological  Congress  held  at  Chicago,  August,  1893.     Part 
1.     8vo.     Washington  1894.  The  Bureau. 

Windsor,   N.S.W.— Mr.   Tebbutt's   Observatory.      Report.     1893. 
8vo.     Sydney  1894.  Mr.  J.  Tebbutt. 


Journals. 

Agricultural  Gazette  of  New  South  Wales.     Vol.  V.     Parts  4 — 8. 
8vo.      Sydney  1894.  Department  of  Agriculture,  Sydney. 

American  Journal  of  Philology.     Vol.  XV.     No.  2.     8vo.     Balti- 
more 1894.  The  Editor. 
Annaes   de   Sciencias  Naturaes.     Anno   I.      No.   3.     8vo.     Porti> 
1894.  The  Editor. 
Archives  des  Sciences  Biologiques.     Tome  III.     No.  1.     8vo.     St. 
Petershourg  1894.             Institat  Imperial  de  Medecine  Experi- 
mental e,  St.  Petersburg. 
Asolepiad.    Vol.  XI.     No.  41.     8vo.     London  1894. 

Sir  B.  W.  Richardson,  F.R.S. 
Astronomische  Nachrichten.     Bd.  CXXXV.     4to.     Kiel  1894. 

Konigl.  Stemwarte,  Kiel. 

Astronomy  and  Astro- Physics.     August,  1894.     8vo.     North  field, 

Minn.  The  Editors. 

Boleiin  de  Minas   Industria  y   Construcciones.     Ano  X.     Num. 

6—6.     4to.     Lima  1894. 

Escuela  Especial  de  Ingenieros. 
Ceiliiie  (La).     Tome  X.     Pasc.  2.     Roy.  8vo.     Lierre  1894. 

The  Editors. 
Bpigraphia  Indica.     Vol.   II.     Part  15.     Vol.  III.     Parts  1-4. 
4u>.     Calcutta  1894. 

Superintendent  of  Government  Printing. 
Horological  Journal.    Vol.  XXXVI.     No.  431 — 435.     London. 

British  Horological  Institute. 

Journal  of  Comparative  Neurology.    Vol.  IV.     Pp.  73 — 192.    8vo. 

Oranville,  Ohio  1894.  The  Editors. 
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Mathematical  Magazine.     Vol.  II.    No.  8.    4to.    Wa&kingUm  1894. 

The  Editor. 
Medico-Legal  Jonmal.     Vol.  XI.     No.  4.     8vo.     New  York  I8d4. 

The  Editor. 
Morphologisclies   Jahrbnoh.     Bd.   XXI.     Heft  3.     8vo.     Leipzig 
1894.  Professor  G.  Gegenbaur,  For.  Mem.  B.S. 

Nature  Notes.    Vol.  V.     Nos.  65—69.    London  1894. 

Selbome  Society. 
Physical  Review.     V»l.  n.    No.  1.     8vo.     New  Y(yrk  1894. 

The  Editors. 
Sbomik  Materialov  dlya  OpisaniyaMyestenosteii  i  Piemen  Kavkaza. 
Vol.  XVIII.     8^0.     T^is  1894. 

Gara/teur  de  rArrondissement  Scolaire  dn  Cancase. 

Stazioni  Sperimentali  Agrarie  Italiane.     Vol.  XXV.     Faac.  6 — 6. 

Vol.  XXVI.      Fmc.  4—6.     Vol.  XXVII.      Fasc.  1.     8vo. 

Modena  1893-94.  ft.  Stazione  Agraria,  Modena. 

Technology  Quarterly.     Vol.  VI.     No.  4.     Vol.  VII.     No.  1.    8va. 

Boston  1893-94.  Massachosetts  Institute  of  Technology . 

ZeitBchrift  fiir  Biologic.     Bd.  XXXI.     Heft  2— 3.     8vo.   MUnchen 

1894.  The  Editors 

Zeitsohrift  fur  Natarwissenschaften.     Bd.    LXVII.     Heft    1 — 2. 

8vQ.     Leipzig  1894. 

Natnrw.  Verein  fur  Sachsen  u.  Thiiringen,  Halle. 


Albert  1*'  de  Monaco  (Prince)  B^snltats  des  Campagnes  Scientifiqnes 
accomplies  sur  son  Yacht.  Fasc.  VII.  Partie  1.  4to.  Monaco 
1894.  The  Prince  oi  Monaco. 

Alcock  (A.)  and  Anderson  (A.  R.)  Natural  History  Notes  from  H.M. 
Indian  Marine  Survey  Steamer  '*  Investigator."  Series  2. 
Nos.  11—14.     8vo.     Calcutta  1894.  The  Authors. 

Bleicher  (M.  G.)  Gontribntion  a  r£tude  des  Bryozoaires  et  des  Spon- 
giaires  de  TOolithe  Inferieuro  de  Meurthe-et-Mosefle.  8vo. 
Nancy  [1894];  Sur  la  Structure  de  certaines  Bouilles;  leur 
Analogic  avec  celles  des  Minerais  de  Fer  S^dimentaires  de  Lor- 
raine.    4to.     Paris  [1894].  The  Author. 

JBrodie  (Rev.  P.  B.)     [Five  Excerpts.]     8vo.     Warwick  [1893]. 

The  Author. 

Bailer  (Sir  W.  L.),  F.R.S.  On  the  Birds  ohserved  during  a  Voyage 
from  New  Zealand  to  England.     8vo.     [  WelUngion^  N,Z.  1894.] 

The  Author. 

Gayley  (A.),  F.R.S.  Gollected  Mathematical  Papers.  Vol.  VII. 
4to.     Cambridge  1894.  The  Author. 
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Chatterjee  (M.  N.)     A  Manual  of  Dedactive  Logic  for  Students  .  .  . 

of  the  Indian  Universities.   8vo.   Lahore  1892.  The  Anthor. 

Ck>ghlan  (T.  A.)     The  Wealth  and  Progress  of  New  South  Wales. 

1893.  8vo.     Sydney.  The  Agent-General  for  N.S.W. 
Colenso  (Rev.  W.),  P.R.S.     [Three  Excerpts  from  Trans.  N.Z.  Inst.] 

8vo.     IWeUington  IS94!,]  The  Author. 

Collins  (F.  H.)    Supplement  to  Hpitome  of  the  Synthetic  Philosophy. 

8vo.    London  1894 ;  Twelve  Cliarts  of  the  Tidal  Streams  of  the 

North  Sea  and  its  Coasts.    4to.     London  1894.  The  Anthor. 

Cook  (James),   F.R.S.      Captsnn   Cook*s   Journal  during  his  First 

Voyage  round  the  World,  made  in  H.M.  Bark  "  Endeavour," 

1768-71 :  A  Literal  Transcription  of  the  Original  MSS.,  with 

Notes  and  Introduction.     Edited  by  W.  J.  L.  Wharton.     8vo. 

London  1898.  Captain  Wharton,  R.N.,  F.R.S. 

Davidson  (G.)     Variation  of   Latitude  at  San  Francisco.  1891-92. 

4to.     Lynn,  Mass.  [1894].  The  Author. 

Dawson  (W.  B.)     Survey  of  Tides  and  Currents  in  Canadian  Waters. 

8vo.     ^Ottawa  1894.]  The  Author. 

De  Heen  (P.)     Determination  dn  Volunte  des  Liquid es  et  des  Gaz 

au-des8us  de  la  Temperature  Critique.     8yo.     Brtixelles  [1894]. 

[And  four  other  Excerpts.]     8vo.  The  Author. 

Delsol  (E.)     Note  sur  la  Th^orie  des  Paralleles.     12mo.     Santa-Fe 

1894.  The  Author. 
Dyer  (B.)     Fertilisers  and  Feeding  Stuffs.     8ye.     London  1894. 

The  Author. 
Font  y  Tome  (M.)     De  la  Filariosis.    8vo.     Barcelona  18^4. 

The  Author. 
Hale  (H.)     Two   Essays   in  Folk-lore :   The  Fall  of  Hochelaga,  a 

Study  of   Popular  Tradition ;   and  *'  Above  **  and  "  Below,'*  a 

Mythological   Disease   of  Language.     8vo.      Cambridge^   Mass. 

1890-94.  The  Author. 

Harl^  (E.)     Restes  d'Elan  et  de  Lion  dans  une  Station  Prehistorique- 

de  transition  entre  le  Quatemaire  et  les  Temps  Actueln  k  Sainte- 

Martory  (Haut<e  Garonne).    8vo.    [Paris  1894].         The  Author. 
Helmholtz  (H.  von).  For.  Mem.  R.S.     Handbuch  der  Physiologischen 

Optik.     Lief.  8.     8vo.     Hamburg  1894.  The  Author. 

Hering  (H.  S.)  and  Aldrich  (W.  S.)    Test  of  the  Neversink  Mountain 

Electric  Road.    4to.     New  York  1892.  The  Authors. 

Hincks  (Rev.  T.),  F.R.S.    Marine  Polyzoa :  Contributions  towards  a 

General  History.    8vo.     1890-91.  The  Author. 

Hinrichs  (G.)     Notes  sur  la  Mecanique  des  Atomes.  Series  2 — 3.  4to. 

Parts  1891-92;  Sechs  Beitrage  zur  Dynamik  des  Chemischen 

Molekuls.     8vo.     Leipzig  1892.  The  Author. 

Horton-Smitb  (R.)     The  Theory  of  Conditional  Sentences  in  Greek 

and  Latin.     8yo.    London  1894.  TKe  A\it\\OY. 
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Keeler  (J.  E.)  On  the  Spectra  of  the  Orion  Nebula  and  the  Orion 
Stars.  8vo.  [Northjield,  Minn.  1894]  ;  Spectroscopic  Observa- 
tions of  Nebnlse,  made  at  Monnt  Hamilton,  California,  with  the 
Thirty-six  Inch  Refractor  of  the  Lick  Observatory.    4to.    1894. 

The  Author. 

Klossovsky  (A.)  Distribution  Annuelle  des  Orages  k  la  Surface  du 
Globe  Terrestre.  4to.  Odessa  1894;  Organisation  de  Tfitude 
Climat^rique  Sp6ciale  de  la  Russie  et  Probl^mes  de  la  Meteor- 
ologie  Agricole.     4to.     Odessa  1894.  The  Author. 

Kolliker  (A.  von).  For.  Mem.  R.S.  Der  feinere  Ban  und  die  Functionen 
des  sympathischen  Nervensystems.  8vo.  Wurzburg  1894 ;  Ueber 
den  Fornix  longus  von  Forel  und  die  Riechstrahlungen  im 
Gehim  des  Kaninchens.     8vo.     [Jena  1894].     .         The  Author. 

Kops  (J.)     FloraBatava,      Aflev.  305—306.     4to.     Leiden  [1894]. 

The  Netheriands  Government. 

Lemoine  (E.)     [4  Mathematical  Excerpts.]     8vo.  The  Author. 

Lingard  (A.)  Summary  of  Further  Report  on  Surra.  Folio. 
Bombay  1894.  The  Author. 

Lobatchefsky  (N.  I.)  Celebration  of  the  One  Hundred  Year's 
Anniversary  of  the  Birth  of  N.  I.  Lobatchefsky  by  the  Imperial 
Kazan  University.    1793-1893.    [Russian.^    Folio.    Kaaan  1894. 

The  University. 

Lorentsen  (G.)  Ueber  die  Untersuchung  der  Scalen  eines  Helio- 
meters.     4to,     [Kiel  1894.]  The  Author. 

Lummer  (Dr.) .  Ueber  die  Ziele  und  die  Thatigkeit  der  Physikalisch- 
Technischen  Reichsanstalt :  Yortrag.     4to.     Berlin  1894. 

The  Author. 

Marignac  (J.  C.  G.  de),  For.  Mem.  R.S.  Notice  Biographique  par 
E.  Ador.     8vo.     Geneve  1894.  The  Author. 

Marsh  (0.  C.)  [3  Excerpts  from  the  *  Amer.  Joum.  Sci.*]  8vo. ; 
Description  of  Tertiary  Artiodactyles.    8vo.    [New  Haven"]  1894. 

The  Author. 

Martel  (E.  A.)  Les  Abimes,  les  Eaux  Souterraines,  les  Cavemes,  les 
Sources,  la  Sp^laaologie.     4to.     Faris  1894.  The  Author. 

Mouret  (G.)  Demonstration  du  Principe  de  ^Equivalence.  8vo. 
Niart  1894.  The  Author. 

Norman  (J.  H.)  The  Scientific  Method  of  working  the  World's 
Foreign  and  Colonial  Exchanges.     8vo.     London  1894. 

The  Author. 

Prinz  (W.)  Agrandissements  de  Photographies  Lunaires.  Folio. 
[Bruxelles  1894.]  The  Author. 

RauMsay  (A.)  The  Scientific  Roll  and  Magazine  of  Systematized 
Notes.     Climate,     Nos.  1 — 5.     8vo.     London  1890-94. 

Mr.  Ramsay. 

Ranke  (J.)     Der  Mensch.     2  vols.    8vo.    Leipzig  1894 ;  Beitrage  zur 
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physichen  Anthropologie  der  Bajem.     Bd.  II.     4>fco.     Munchen 

1892-  The  Author. 

Roberts  (I.),  F.R.S.    A  Selection  of  Photographs  of  Stars,  Star- 
dusters  and  NebnlsB.     4to.     London  [1894.]  The  Anthor. 
Rodrignes  (J.  B.)     Plantas  Novas  cultivadas  no  Jardim  Botanico  do 

Brio  de  Janeiro.     No.  4.     4to.     Bio  de  Janeiro  1894. 

The  Author. 
Rassell  (H.  C),  F.R.S.     [Address  to  Section  A  of  the  Australasian 

Association  for  the  Advancement  of  Science,  Brisbane,  1894.] 

8vo.  •  The  Author. 

Sabatier  (A.)     £tndes  snr  le  Coenr  et  la  Circulation  Centrale  dans 

la  S6rie  des  Vertebres.     4to.     MontpeUier  1873 ;  De  la  Sperma- 

togen^se  chez  les  Crustaces  Decapodes.    8vo.    MontpeUier  1893. 

The  Author. 
Sanders  (A.)     Researches  in  the  Nervous  System  of  Myxine  glutinosa. 

4to.     London  1894.  The  Author. 

Schreiber  (P.)     Die  Zustandsgleichungen  einer  Luftsaule  (Baromet- 

rische  Hohenformelj.     4to.     [1894.]  The  Author. 
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Bronze  Medal,  struck  in  hononr  of  Dr.  John  Syer  Bristowe,  F.R.S. 
The  obverse  bears  the  effigj  of  Dr.  Bristowe ;  the  reverse  depicts 
a  student  in  his  laboratory,  and  has  the  words  "  St.  Thomas's 
Hospital "  in  the  ezergae.  Mr.  Allan  Wjon. 


November  22,  1894. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 

Treasurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pursuance  of  the  Statutes,  notice  of  the  ensuing  Anniversary 
Meeting  was  given  from  the  Chair,  and  the  list  of  Officers  and  Council 
nominated  for  election  was  read  as  follows : — 

President, — The  Lord  Kelvin,  D.C.L.,  LL.D. 

Treasurer. — Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D. 

.  r  Professor  Michael  Foster,  M.A.,  M.D. 

Secretaries.—  j  rj.^^  j^^^^  Rayleigh,  M.A.,  D.C.L. 

Foreign  Secretary. — Sir  Joseph  Lister,  Bart.,  F.R.C.S. 

OtJier  Members  of  the  GounclL — Andrew  Ainslie  Common,  LL.D. ; 
William  Crookes,  F.C.S. ;  Francis  Darwin,  M.A. ;  Andrew  Russell 
Forsyth,  Sc.D. ;  Sir  Douglas  Gtilton,  K.C.B. ;  Professor  Alexander 
Henry  Green,  M.A. ;  Sir  John  Kirk,  K.C.B. ;  Professor  Horace 
Lamb,  M.A. ;  Professor  Edwin  Ray  Lankester,  M.A. ;  Professor 
Alexander  Macalister,  M.D. ;  Professor  John  Henry  Poynting,  D.Sc. ; 
Professor  Arthur  William  Riicker,  M.A. ;  Osbert  Salvin,  M.A. ;  Pro- 
fessor J.  S.  Bnrdon  Sanderson,  M.D. ;  Thomas  Edward  Thorpe, 
Sc.D. ;  William  Henry  White,  C.B. 

The  following  Papers  were  read :— 
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I.  **  A  Determination  of  the  Specific  Heat  of  Water  in  terms  of 
the  International  Electric  Unitfl."  By  Arthur  Schuster, 
F.R.S.,  Langwoi-thy  Professor  of  Physics  at  the  Owens 
College,  Manchester,  and  Willum  Gannon,  M.A.,  Exhibi- 
tion (1851)  Scholar,  Queen's  College,  Gal  way.  Received 
November  13,  1894. 

(Abstract.) 

This  research  was  onginally  undertaken  by  Professor  Schnstor  and 
Mr.  H.  Hadley,  before  the  anthors  were  aware  that  Mr.  E.  H.  Griffiths 
was  engaged  on  a  simitar  investigation.  After  a  number  of  pre- 
liminary experiments,  and  just  as  the  final  arrangements  for  the 
conduct  of  the  measurements  were  being  definitely  made,  Mr. 
Hadley,  on  his  appointment  to  the  Head  Mastership  of  the  School 
of  Science  and  Art,  Kidderminster,  had  to  leave  Manchester.  In 
the  meantime  Mr.  Griffiths*  important  research  was  published,  and 
we  had  to  consider  whether  our  own  work,  which  was  designed  on  a 
smaller  scale,  could  compete  with  it  in  accuracy.  We  decided  to 
complete  the  investigation,  principally  for  the  reason  that,  although 
we  both  aimed  at  determining  what  is  commonly  called  the  mechani- 
cal equivalent  of  heat  through  the  heating  of  a  certain  mass  of  water 
by  means  of  an  electric  current,  the  details  of  the  experiments 
differed  very  materially,  so  that  our  two  ways  of  dealing  with  the 
problem  seemed  to  afford  a  useful  t-est  of  the  amount  of  agreement 
which  at  present  may  be  obtained.  Our  investigation  touches  only  a 
small  part  of  that  treated  by  Mr.  Griffiths,  as  we  did  not  attempt  to 
nieasure  the  changes  in  the  speci6c  heat  of  water  due  to  change  of 
temperature.  On  the  other  hand,  the  more  modest  limits  within 
which  we  have  confined  ourselves  allowed  us  to  use  a  much  simpler 
apparatus. 

On  Mr.  Hadley 's  departure,  Mr.  W.  Gannon  took  his  place.  From 
the  former  gentleman  we  received  a  good  deal  of  help  in  the  divising 
and  construction  of  some  important  parts  of  the  apparatus. 

The  principle  of  the  method  we  have  used  is  extremely  simple. 
The  electrical  work  done  in  a  conductor  being  measured  by  J  ECc?^, 
where  E  is  the  difference  of  potential  at  the  ends  of  the  conductor, 
C  the  current,  and  t  the  time.  We  keep  the  electromotive  force  con- 
stant, and  measure  f  Cdt  directly  by  a  silver  voltameter.  We  do  not, 
therefore,  require  to  know  the  resistance  of  the  wire,  and  we  thus 
avoid  the  difficulty  of  having  to  estimate  the  excess  of  temperature 
of  the  wire  over  that  of  the  water  in  which  it  is  placed.  We  also 
gain  the  advantage  of  not  having  to  measure  time,  and  therefore  of 
being  able  to  complete  the  experiments  more  quickly  than  we  could 
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have  safely  done  if  the  length  of  time  the  current  passed  had  to  be 
measured  with  great  accnracj. 

The  Results, 

We  divide  onr  experiments  into  three  series,  but  only  attach  any 
value  to  the  third,  as  during  the  first  two  sets  the  thermometer  was 
falling  in  the  last  period.  We  had  hoped  at  first  to  be  able  to  apply 
a  small  correction  to  eliminate  the  error  which  is  due  to  the  fact  that 
a  falling  thermometer  will  read  too  high,  and  we  made  a  large  number 
of  experiments  to  determine  the  correction.  We  arrived,  however, 
at  the  result  that  the  indications  of  a  falling  thermometer  are  so 
irregular  that  no  correction  is  possible.  Consequently  in  oar  third 
series  the  thermometer  was  rising  during  the  whole  course  of  each 
experiment. 

We  think  it  worth  while  to  put  on  record  an  impression  that  the 
behaviour  of  our  Baud  in  thermometer  has  altered  since  we  first 
received  it  from  the  maker*  As  soon  as  it  came  some  preliminary 
experiments  were  made  to  see  if  we  could  work  with  the  thermo- 
meter while  it  was  falling,  and  the  observations  seemed  to  show  that 
the  fall  was  sufficiently  uniform.  Our  first  three  experiments  gave 
results  which  were  very  consistent,  and'a  minute  after  the  current  was 
broken  the  tempei'ature  seemed  to  fall  already  in  a  perfectly  regular 
manner.  But  as  we  continued  our  work,  the  behaviour  of  the  instrn- 
ment  seemed  to  deteriorate.  Thus,  in  our  experiment  on  March  8, 
the  temperature  had  hardly  fallen  three  minutes  after  the  current 
had  stopped.  It  is  possible  that  this  is  due  to  accidental  circum- 
stances, for  it  is  well  known  that  difierent  places  of  the  bore  of  a 
capillary  tube  behave  very  differently.  We  wish,  therefore,  to  ex- 
press no  opinion  at  present  as  to  the  probability  of  an  actual  change 
in  the  thermometer,  but  only  to  draw  the  attention  of  other  experi- 
menters to  this  point,  which  seems  worth  keeping  in  mind. 

Our  final  value  is 

J  =  4*  1804  Joules  on  the  mercury  scale  of  hard  French  glass, 
4*1905  on  the  nitrogen  scale, 
419 17  on  the  hydrogen  scale, 

at  a  temperature  of  19^*1. 

This  result  depends  on  the  assumption  that  the  electrochemical 
equivalent  of  silver  is  0*001118,  and  that  our  standard  Clark  cell  tiad 
an  electromotive  force  of 


l-4340(l— «  ^°— 15)  volts, 
where 

a  =  0-000814 + 0-000007  (f— 15), 
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as  given  by  Kahle  (*  Zeits.  f.  Instrumentenkunde,'  vol.  13,  p.  310, 
1893).  Glazebrook  and  Skinner's  coefficient  refers  to  a  mean  tempera- 
ture of  7°' 5,  and  is  identical  with  the  above  at  that  temperature. 

The  comparison  of  the  results  of  different  observers  will  be  facili- 
tated by  Table  I,  in  which  we  compare  the  work  done  in  ergs  with 
the  foot-pound  at  Greenwich  and  the  kilogrammetre  at  Paris.  This 
table  has  been  calculated  on  the  assumption  that  g  at  Paris  is  equal 
to  980*96,  and  at  Greenwich  equal  to  981*24.  We  have  prepared 
another  table  (11),  which  at  any  temperature  will  give  the  correc- 
tion of  an  interval  measured  on  our  mercury  thermometer  to  an  in- 
terval measured  on  the  nitrogen  and  hydrogen  thermometers.  This 
table  has  been  calculated  with  the  help  of  the  equation  given  by 
Chappuis  for  the  correction  to  the  thermometer  made  of  French  hard 
glass. 

In  comparing  our  results  with  that  of  other  observers,  we  have  in 
the  first  place  to  consider  the  value  which  Mr.  Griffiths  has  obtained 
in  his  very  excellent  series  of  measurements.  His  final  result 
(•Eoy.  Soc.  Proc.,'  vol.  55,  p.  26  ;  *  Phil.  Trans.,'  clxxxiv.  A,  1893)  is 


J  =  41982(l-0-00266  ^-15)  x  10^ 

This  refers  to  the  nitrogen  thermometer.  At  a  temperature  of  19*1°, 
the  value  would  be  reduced  to  4*1936,  which  corresponds  to  our 
4*1905  at  the  same  temperature.  Griffiths'  value  is  to  be  increased 
slightly,  owing  to  the  fact  that  he  really  measures  the  difference 
between  the  specific  heat  of  water  and  of  air.  This  would  increase 
the  value  of  J  by  '0011  about,  so  that  the  value  of  J  at  19*1*  would 
be  raised  to  4*lV47  X  10^,  which  is  exactly  one  part  in  a  thousand 
larger  than  ours.  The  difference  is  small,  but  must  be  due  to  some 
syst'Cmatic  error,  as  both  Griffiths'  value  and  our  own  agree  so  well 
with  each  other,  that  ordinary  observational  errors  and  accidental 
disturbances  could  not  have  produced  so  large  a  difference  in  our 
results.  The  least  satisfactory  part  of  a  calorimetric  measurement 
must  always  be  the  application  of  the  cooling  correction,  and  we  have 
considered  it  of  great  importance  to  reduce  that  correction  as  much 
as  possible.  The  uncertainty  of  the  cooling  correction  does  not 
necessarily  depend  on  its  value ;  thus  we  can  much  diminish  it  by 
starting,  as  we  have  done  in  the  third  series,  with  the  initial  tem- 
perature of  the  calorimeter  about  as  much  below  that  of  the  water 
jacket  as  the  final  temperature  is  above  it ;  yet  the  uncertainty  of  the 
correction  does  not  seem  to  us  to  be  diminished  by  that  process.  We 
may  reasonably  estimate  the  uncertainty  due  to  the  cooling  correc- 
tion, by  calculating  what  the  error  in  the  observed  rate  of  cooling, 
cither  at  the  beginning  or  the  end  of  the  experiment,  must  have  been 
in  order  to  produce  a  difference  of  one  part  in  a  thousand  in  the 
iiuai  result.     We  find  in  our  own  experiments  that  the  error  m.u&t 
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have  amouDted  to  more  tlian  15  per  cent.  We  consider  it  unlikely 
that  so  large  an  error  occarred  always  in  the  same  direction.  Apart 
from  the  cooling  correction,  however,  it  is  difficult  to  see  how  a  differ- 
ence of  one-tenth  per  cent,  in  our  result  can  be  produced  unless  by 
the  accumulation  of  a  number  of  small  errors. 

The  weak  point  of  Mr.  Griffiths*  determination  is  the  small  quan- 
tity of  water  he  uses,  his  result  depending  on  the  difference  in  bis 
mte  of  rise  after  the  addition  of  about  120  grams  into  his  calori- 
meter. The  highest  water  equivalent  with  which  he  worked  was 
about  360  grams,  of  which  85  are  due  to  the  calorimeter  itself. 
The  chief  objection  to  the  use  of  such  small  quantities  of  water 
lies  in  the  great  cooling  correction.  In  the  experiments  quoted 
by  him  at  p.  482,  the  loss  of  heat  dne  to  radiation  and  conduc- 
tion at  the  end  of  his  experiment  amounts  to  about  9  per  cent, 
of  his  heat  supply.  If  such  loss  had  been  wrongly  estimated  to 
1  per  cent.,  an  error  of  one-tenth  per  cent,  would  result  in  the  final 
value.  The  consistency  of  Mr.  Griffiths'  results  shows  that  if  an 
error  occurred  due  to  that  cause,  it  must  have  been  systematic ; 
and  we  may  point  out  how,  with  such  a  large  cooling  correction, 
serious  errors  may  arise.  In  applying  the  cooling  correction,  it  is 
always  assumed  that  the  loss  of  heat  depends  only  on  the  difference 
of  temperature  between  the  calorimeter  and  enclosure ;  but,  as  has 
been  already  pointed  out,  this  is  not  the  case  as  regards  conduction. 
Mr.  Griffiths*  calorimeter  was  suspended  by  three  stout  glass  tubes, 
through  one  of  which  the  stirrer  was  passing.  The  exhaustion  in  the 
space  surrounding  the  calorimeter  was  never  sufficient  to  do  away  with 
the  conduction  of  air ;  so  that  we  may  take  the  larger  part  of  the  cool- 
ing to  be  due  to  conduction  and  convection.  The  loss  of  heat  in  that 
ease  must  to  some  extent  depend,  not  only  on  the  temperatare,  but 
also  on  the  rate  of  change  of  temperatare.  Whether  the  part  which 
depends  on  the  rate  of  change  is  sufficient  to  produce  a  sensible 
difference  in  the  result,  it  is  not  easy  to  say.  But  the  error  produced 
would,  with  different  currents  and  quantities  of  water,  be  the  same  in 
all  cases,  and  could  not  therefore  be  detected  by  the  inconsistencies 
thereby  introduced  into  the  results. 

The  difference  between  our  value  of  the  equivalent  and  that  of 
Mr.  Griffiths  are,  however,  of  smaller  importance  than  the  difference 
which  exists  between  them  and  the  equivalent  as  determined  directly 
by  Joule,  Rowland,  and  Miculescu.  Joule's  latest  value,  which  is  the 
only  one  which  needs  consideration,  is  772*65  foot-pounds,  at 
61°'7  Fah.  The  number  refers  to  the  degree  as  measured  by  Joule's 
mercury  thermometer.  Rowland  adds  to  this  a  correction  to  the  air 
thermometer  of  about  3,  and  another  small  correction  for  a  change  in 
the  heat  capacity  of  the  apparatus,  which  brings  the  value  up  to  about 
776.     The  correction  to  tbe  air  thermometer  has  been  obtained  by 
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means  of  a  comparison  made  by  Joule  himself  with  one  of  Rowland's 
thermometers.     Joule's  orifj^inal  thermometers  have  been  temporarily 
placed   by  Mr.  B.   A.   Joule  in  the  hands  of   Professor  Schuster, 
in  order  that  an  accurate  comparison  may  be  instituted  between  it 
and  modern  thermometers.     A  full  description  of  the  comparisons 
made  will  be  given  on  another  occasion.     The  result  arrived  at  shows 
that  the  correction  is  less  than  that  assumed  by  Rowland,  and  would 
bring  his  value  up  only  to  775  at  the  temperature  indicated.    Griffiths 
compares  his  result  with  that  deduced  by  Rowland  from  Joule's 
observations.     Rowland  combined  the  different  values  obtained  by 
Joule  in  his  various  investigations,  attaching  weights  according  to 
his  judgment  as  to  their  relative  merits.     He  finds  in  this  way  that 
the  difference  between  him  and  Joule  amounts  to  one  part  in  360,  but 
if  equal  weights  are  attached  to  all  Jonle's  results,  the  difference  is 
reduced  to  one  part  in  4281.     Little  value  can  be  attached,  however, 
to  a  combination  of  Joule's  results  which  gives  equal  weights  to  that 
obtained  in  1847  and  that  deduced  from  his  latest  and  most  careful 
work.     There  is,  moreover,  in  Rowland's  table  a  misprint  or  error  in 
the  reduction  of  Joule's  1847  result  from  foot-pounds  to  kilogram- 
metres,  which  lowers  the  value  as  given  by  Griffiths  from  779*2  to 
about  778.     It  does  not  seem  to  us  advisable  to  go  beyond  Joule's 
1878  results,  and  the  value  assigned  by  him  in  this  latest  research 
shonld  be  taken  as  giving  his  final  judgment  on  the  matter.  Reducing 
to  the  nitrogen   thermometer  of   the  Bureau  International,  Joule's 
result  is  775  foot-pounds  at  Greenwich,  at  a  temperature  of   16°*5  C. 
At  the  same  temperature  Griffiths'  number  is  779'8. 

Great  weight  must  be  attached  to  Rowland's  determination,  which 
at  the  temperature  to  which  Joule's  number  applies  is  777'6,  and  at 
19***1,  776*1,  corresponding  to  our  7785.  Rowland's  value  is  there- 
fore halfway  between  our  and  Joule's  result.  But  it  must  be  taken 
into  consideration  that  if  the  comparison  between  Rowland's  and 
Joule's  thermometers  as  made  by  the  latter  is  to  be  trusted,  Rowland's 
value  referred  to  the  "  Paris  "  nitrogen  thermometer  would  be  slightly 
reduced.  At  any  rate  it  seems  probable  that  if  his  value  is  in  error,  it 
is  rather  in  the  direction  of  being  too  high.  We  have  therefore  a 
difference  of  three  parts  in  a  thousand  to  account  for  between  our 
result  and  that  of  Rowland,  and  of  nearly  four  parts  in  a  thousand 
between  Griffiths  and  Rowland  at  a  temperature  of  19**'l.  These 
results  are  summarised  in  the  following  table  : — 

Table  III. — Equivalent  in  foot-pounds  at  Greenwich  at  19*1 
referred  to  the  "  Paris  "  Nitrogen  Thermometer. 

Schuster  and 
Joule.  Bowland.  G-riffiths.  Gunnon. 

774  7761  7791  778*5 
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We  now  turn  to  an  investigation  of  Miculescu  (*Annales  de  Chimie 
et  de  Physique,'  vol.  27,  1892),  in  which  the  mechanical  equivalent 
of  heat  is  measured  directly  by  what  seems  a  very  excellently 
devised  series  of  experiments.  Its  resuU  is  4' 185  7  X  10'.  He  does 
not  state  the  exact  temperature  to  which  this  applies,  but  all  his 
experiments,  seem  to  have  been  made  between  \(f  and  13°,  so 
that  we  may  assume  11^*5  to  be  the  mean  temperature  of  his  experi- 
ments. Rowland's  value  at  that  temperature  is  41999  x  10'.  We 
must  draw  attention  to  one  point  in  Miculescu's  work  which  requires 
clearing  up  before  we  can  give  to  it  any  decisive  value.  Everything 
in  the  experiments  depends  on  the  measurement  of  a  couple,  the  arm 
of  the  couple  being  the  distance  between  two  knife-edges:  one  of 
them  had  to  support  a  weig-ht  of  more  than  43  kilograms.  The  dis- 
tance between  these  knife-edges  is  said  to  have  been  28  cms.  in  all 
experiments.  Very  insufficient  information  is  given,  however,  as  to 
how  that  distance  was  measured,  and  it  would  almost  seem  as  if  the 
author  had  trusted  to  the  maker  in  adjusting  the  central  knife-edge 
to  the  zero  point  of  that  scale.  If  the  apparatus  is  still  in  existence, 
it  might  be  well  to  make  sure  that  no  error  has  been  introduced 
through  a  wrong  estimate  of  the  distance  of  the  lever  arm. 

In  order  to  compare  Miculescn's  value  with  that  of  others,  we  must 
apply  a  temperature  correction  which  is  somewhat  doubtful ;  but 
taking  the  mean  of  Rowland's  and  Griffiths'  values  as  the  most  pro- 
bable at  present^  we  obtain  at  15**  the  following  table: — 

Table  TV. — Equivti^lent  in  foot-pounds  at  Greenwich  at  15" 
referred  to  the  "  Paris  '*  Nitrogen  Thermometer. 

Schuster  and 
Joule.  Bowland.  MiculeBCu.  Griffiths.  Cknnon. 

775  778-3  776-6  7802  779-7 

If  we  remember  that  Rowland's  number  referred  to  the  "Paris" 
•nitrogen  thermometer  would  probably  be  smaller  by  one  unit,  we 
are  struck  with  the  fair  agreement  there  is,  on  the  one  hand,  between 
the  results  of  Joule,  Rowland,  and  Miculescu,  and  on  the  other  hand 
between  Griffiths  and  ourselves. 

As  far  as  we  can  dt*aw  any  conclusions  from  the  comparison,  it 
seems  to  point  to  a  difference  in  the  value  obtained  by  the  electrical 
and  direct  methods.  Whether  this  difference  is  due  to  some  remain- 
ing error  in  the  electrical  units,  or  to  some  undiscovered  flaw  in  the 
method  adopted  by  Mr.  Griffiths  and  ourselves,  remains  to  be 
decided  by  further  investigation. 
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II.  **  On  the  Temperature  of  the  Carbons  of  the  Electric  Arc ; 
with  a  Note  on  the  Temperature  of  the  Sun."  By  W.  E. 
Wilson  and  P.  L.  Gray.  Communicated  by  Dr.  G.  J. 
Stoney,  F.R.S.     Received  November  14,  1894. 

[Publication  deferred.] 


III.  "Observations  of  Sun-spot  Spectra,  1879— 1894.**  By 
J.  Norman  Lockyer,  C.B.,  F.R.S.  Received  November  15, 
1894. 

[Publication  deferred.] 
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November  30, 1894. 

ANNIVERSARY  MEETING. 

The  LORD  KELVIN,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

The  Report  of  the  Auditors  of  the  Treasurer's  Accounts,  on  the 
part  of  the  Society,  was  presented  as  follows  : — 

'*  The  total  receipts  on  the  General  Account  during  the  past  year, 
including  balances  carried  from  the  preceding  year  (£999  7ir.  lid.) 
and  the  proceeds  of  the  sale  of  stock,  amount  to  £10,025  2^.  lOd.^ 
and  the  total  receipts  on  account  of  Trust  Funds,  including  balances 
from  the  preceding  year  and  cash  received  for  bonds  drawn,  amounted 
to  £6,065  Ss,  2d,  The  total  expenditure  for  the  same  period  amounted 
to  £7,227  Us.  lOd.  on  the  General  Account,  and  £4,086  6«.  lid.  on 
account  of  Trust  Funds^  leaving  a  balance  on  the  General  Account 
of  £2,780  7s.  Id,  at  the  bankers*,  which  includes  £500  Challenger 
Account,  £1,700  Catalogue  Account,  and  £247  8s.  6d.  Water 
Research  Account,  and  a  balance  of  £17  3^.  IlcZ.  in  the  hands  of  the 
Treasurer ;  leaving  also  a  balance  at  the  bankers*  on  account  of  Tru;jt 
Funds  of  £1,979  Is.  3d.'' 

The  thanks  of  the  Society  were  voted .  to  the  Treasurer  and  Auditors. 
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The  Secretary  then  re^  the  following  Lists  : — 

Fellows  deceased  since  the  last  Anniversary  (Nov.  30, 1893). 

Hoyal. 
H.R.H.  Louis  Philippe  d* Orleans,  Connt  of  Paris. 


On  the  Home  List, 

Armstrong,   Robert  Young,  Col. 

R.£i. 
Baker,  Sir  Samuel  White,  M.A. 
Bowen,  Charles  Synge  C,  Lord, 

D.C.L. 
Brown- Sequard,  Charles  Edouard, 

M.D. 
Coleridge,  John  Duke,  Lord,  D.C.L. 
Hannen,  James,  Lord,  D.C.L. 
Hawkins,  Kev.  William  Bentinck 

Latham,  M.A. 

On  the  Foreign  List. 

Beneden,  Pierre  J.  van. 

Helmholtz,  Hermann  Ludwig  Ferdinand  von. 

Marignac,  J«an  Charles  Galissard  de. 

Withdrawn  or  Removed. 

Basing,  George  Sclater-Booth,  Lord. 

Thurlow,  Thomas  John  Hovell-Thurlow  Cumming-Bruce,  Lord. 

Fellows  elected  since  the  last  Anniversary. 


Hodgson,  Brian  Houghton,  D.C.L. 
Inglefield,  Sir  Edward  Augustus, 

Admiral,  K.C.B. 
Lovelace,  William  King,  Earl  of. 
Marshall,  Arthur  Milnes,  M.D. 
Peiigelly,  William,  F.G.S. 
Romanes,  George  John,  M.A. 
Topley,  William,  F.G.S.  • 
Tyndall,  John,  D.C.L. 
Wright,  Charles  R.  Alder,  D.Sc. 


Bateson,  William,  M.A. 

Boulenger,  George  Albert. 

Bradford,  John  Rose,  M.D. 

Bryce,  Right  Hon.  James. 

Cciliendar,  Prof.  Hugh  Long- 
bourne. 

Clieyne,  Prof.  William  Watson, 
M.B.,  F.R.C.S. 

Froude,  Robert  Edmnnd. 

Hill,  Prof.  M.  J.  M.,  M.A.,  D.Sc. 

Jones,  Prof.  John  Viriauiu,  M.A., 
B.Sc. 


Love,  Augustus  Edward  Hough, 

M.A. 
Lydekker,  Richard,  B.A. 
Penrose,  Francis  Cranmer,  M.A., 

F.R.A.S. 
Scott,    Dukinfield    Henry,   M.A., 

F.L.S. 
Smith,  Rev.  Frederick  John,  M.A. 
Swan,  Joseph  Wilson,  M.A.,  F.LC. 
Veley,     Victor    Herbert,     M.A., 

F.C.S. 


On  the  Foreign  List. 

Bail  Ion,  Henri  Ernest.  |  Poincare,  Henri. 

Suess,  Eduard. 
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The  President  then  addressed  the  Society  as  follows : — 

Since  onr  last  Anniversary  Meetinfif,  the  Royal  Society  has  lost 
eighteen  Fellows  and  three  Foreign  Members. 

H.B.H.  Lonis  Philippe  d'Orl^ans,  Count  of  Paris,  September  8, 

1894,  aged  56. 
John  Tyndall,  December  4,  1893,  aged  73. 
The  Earl  of  Lovelace,  December  29^,  1893,  aged  89. 
Sir  Samuel  White  Baker,  December  30,  1893,  aged  72. 
Arthur  Milnes  Marshall,  December  31,  1893,  a^ed  41. 
Pierre  J.  Van  Beneden,  January  8,  1894,  aged  93. 
William  Pengelly,  March  16,  1894,  aged  82. 
Lord  Hannen,  March  29,  1894,  aged  73. 
Dr.  Charles  £douard  Brown-Sequard,  April  1,  1894,  aged  77, 
Lord  Bowen,  April  10,  1894,  aged  58. 
Brian  Houghton  Hodgson,  May  23,  1894,  aged  94. 
George  John  Romanes,  May  23,  1894,  aged  46.. 
Lord  Coleridge,  June  5,  1894,  aged  74. 
Charles  R.  Alder  Wright,  July  25,  1894,  aged  50, 
Bev.   William    Bentinck    Latham    Hawkins,   August    31,    1894, 

aged  83. 
Admiral   Sir  Edward   Angustus  Inglefield,   September   5,    1894, 

aged  74. 
Hermann  Ludwig  Ferdinand  yon  Helmholtz,  September   8,  1894, 

aged  73. 
Jean  Charles  Oalissard  de  Marignac,  September  15, 1894,  aged  77. 
William  Topley,  October  2,  1894,  aged  53. 
Lord  Basing,  October  22,  1894,  aged  68. 
-    Colonel  R.  Y.  Armstrong,  November  1,  1894,^  aged  55. 

Biographical  notices  will  be  found  in  the  Proceedings. 

Science  has  lost  severely  during  the  past  year.  In  the  list  of 
Fellows  deceased,  which  I  have  read  to  you,  you  have  heard  the 
names  of  Tyndall,  Milnes  Marshall,  Van  Beneden,  Pengelly,.  Browa- 
Sequard,  Romanes,  Alder  Wright,  Helmholtz,  Mariguac,  Topley,  all 
well  known  to  you  as  having  been  in  their  lives  zealous  and  success- 
ful scientific  investigators,  who  have  largely  contributed  to  the  object 
for  which  the  Royal  Society  works,  **  The  Increase  of  Natural  Know- 
ledge." Tyndall,  full  of  fire  and  enthusiasm  in  solid  experimental 
work  advancing  the  boundaries  of  science,  contributed  largely,  by 
his  brilliant  lectures  and  books,  to  make  science  popular,  as  it  now  is 
in  England  and  America.  By  the  sad  death  of  Milnes  Marshall  on 
Sea wf ell,  in  Cumberland,  on  the  last  day  of  1893,  we  lost  a  young, 
able,  and  enthusiastic  worker  in  zoology.  A  few  months  later,  we 
lost  the  veteran  Pengelly,  who  did  so  much  for  geological  science, 
and  gave  such  delightful  and  yalnable  lessons  to  the  larger  world  ol 
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not  scientific  geologists,  in  what  he  did  in  his  exploration  of  Kent*s 
Cavern,  Torqnay.  Romanes,  fnll  of  zeal,  fighting  to  the  end  with 
the  most  difficult  problems  that  have  ever  occupied  the  mind  of  man^ 
and  devoting  his  health  and  his  wealth  to  promoto  not  merely  philo- 
sophical speculation  but  also  the  experimental  research  hj  which 
alone  philosophy  can  have  a  foundation,  left  us  at  the  early  age 
of  46. 

A  year  ago,  in  my  anniversary  address,  I  called  your  attention  to 
Hertz*s  experimental  demonstration  of  electric  waves,  which  he 
found  in  working  out  an  experimental  problem  originally  proposed  by 
Helmholtz  to  him  when  he  was  engaged  in  experimental  researches 
in  the  Physical  Institute  of  Berlin  in  1879.  An  English  translation 
by  Jones,  of  Hertzes  book  describing  his  work  on  electric  waves, 
dedicated  *'  with  gratitude  "  to  Helmholtz,  was  published  in  England 
and  America  in  December,  1893.  On  the  first  day  of  the  new  year 
the  disciple  died,  and  within  the  year  the  master  followed  him.  Of 
the  whole  of  Helm  hoi  tz's  great  and  splendid  work  in  physiology, 
physics,  and  mathematics,  I  doubt  whether  any  one  man  may  be 
qualified  to  speak  with  the  power  which  knowledge  and  understand- 
ing can  give :  but  we  can  all  appreciate,  to  some  degree,  the  vast 
services  which  he  has  rendered  to  biology  by  the  application  of  his 
mathematical  genvoH  and  highly  trained  capacity  for  experimental 
research  to  physiological  investigation. 

In  his  interesting  autobiographical  sketch  he  tells  us  that  his  early 
natural  inclination  was  for  physics,  which  he  found  more  attractive 
than  purely  geometrical  and  algebraic  studies  ;  but  his  father  could 
only  give  him  the  opportunity  of  studying  physics  by  his  learning 
medicine  to  earn  a  livelihood,  and  he  himself  was  by  no  means  avei'se 
to  thus  entering  on  the  study  of  living  matter  instead  of  confining 
iiimself  to  the  physics  of  dead  matter.  I  think  we  may  now  feel  that 
the  world  has  gained  largely  by  this  early  necessity  for  a  young  man 
of  great  genius  and  power  to  choose  a  practical  profession. 

^)ne  early  result  was  his  careful  examination,  while  still  a  student, 
of  the  theory  of  animal  heat,  and  a  little  later  (1847)  his  great  essay, 
'  LTeber  die  Erhaltung  der  Kraft,'  Conservation  of  Energy  as  we  now 
call  it,  communicated  to  the  Physical  Society  of  Berlin  on  the  3rd  July, 
1847,  of  which  he  said  in  1891,  "My  aim  was  merely  to  give  a  oritioal 
investigation  and  arrangement  of  the  facts  for  the  benefit  of  physio- 
logists."  As  a  student  he  had  found  that  Stahfs  theory,  ascribing  to 
every  living  body  the  possession  of  the  property  of  "  The  Perpetual 
Motion  "  as  an  essence  of  its  "  Vital  force,"  was  still  held  by  most 
physiologists.  His  essay  on  the  "  Conservation  of  Energy,"  giving 
strong  reasons  for  rejecting  that  theory,  though  looked  upon,  at  first, 
by  many  of  the  physical  and  philosophical  authorities  of  the  time  as 
a  fantastic  speculation,  was  enthusiastically  welcomed  by  younger 
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etadent-philosopliers,  and  mast  soon  havo  convinced  the  elder  men 
that,  whatever  may  be  the  real  efficiency  of  vitality,  vast  and  wonder- 
fal  as  it  is,  it  does  Twt  include  the  performance  of  work  without 
drawing  upon  a  source  of  energy.  This  conclusion  had  been  virtually 
foresoen  before  the  end  of  last  century  by  Rumford  and  Davy,  and 
had  been  clearly  stated  and  powerfully  supported  by  Joule  and 
Mayer  a  few  years  before  Helmholtz  found  it  for  himself  and  success- 
fully persuaded  others  of  its  truth. 

It  is  interesting  for  us  now  to  know  that,  while  thus  contributing 
80  effectively  to  the  abandonment  of  the  old  doctrine  that  vital 
**  force  "  can  work  without  drawing  on  an  external  source  of  energy, 
Helmholtz  was  even  more  effectively  concerned  in  the  establishment  of 
a  new  doctrine  which  has  given  a  vast  extension  to  the  province  of  life, 
previously  perhaps  undreamt  of,  but  now  universally  recognised  as 
thoroughly  well  established,  and  supremely  important  in  modem 
physiology  and  medicine.  On  recovering  from  a  typhus  fever  in  the 
autumn  of  1841,  at  the  age  of  20,  the  last  year  of  his  undergraduate 
course  in  the  Army  Medical  School  of  the  Friedrich  Wilhelm's 
Institute,  he  spent  the  accumulations  of  his  income,  which  free  treat- 
ment at  the  hospital  during  his  illness  had  left  him,  in  the  purchase 
of  a  microscope,  an  instrument  then  but  little  used  in  medical  educa- 
tion. He  began  immediately  to  use  it,  and  made  some  important 
observations  on  the  ganglion  cells  of  invertebrates,  which,  at  the 
suggestion  of  his  master,  Johannes  Miiller,  he  took  as  the  subject  of 
his  inaugural  thesis  for  the  doctor's  degree,  in  November,  1842,  and 
which  was  his  first  published  work.*  With  the  same  microscope,  he 
observed  vibrios  in  putrefying  liquids,  which  he  described  in  bis 
second  published  paper  (1843),  "  On  the  Nature  of  Putrefaction  and 
Fermentation."  His  distingaished  comrade,  Schwann,  in  the  labora- 
tory of  Johannes  Miiller,  had  already  shown  that  vegetable  cells  are 
present  in  fermenting  solutions  of  sugai*,  and  that  air,  which  had 
been  highly  heated,  was  incapable  of  exciting  the  fermentation  which 
the  access  of  ordinary  atmospheric  air  was  known  to  produce. 
Helmholtz  found  that  oxygen,  yielded  by  the  decomposition  of  wat«r 
in  flasks  containing  small  pieces  of  boiled  meat,  did  not  produce 
putrefaction.  Thus  the  doctrine,  held  perhaps  by  all  before  them, 
and  certainly  supported  by  the  great  Liebig,  that  putrefaction  and 
fermentation  are  purely  chemical  processes  of  eremacausis  (or  slow 
combustion),  produced  by  oxygen,  was  thoroughly  disproved  by  the 
two  young  investigators.  But  Helmholtz  went  farther,  and  showed 
almost  certainty  that  the  actual  presence  of  a  living  creature,  vibrio, 
ns  he  called  it,  bacterium,  as  we  more  commonly  call  it  now,  is 
necessary  for  either  fermentation  or  putrefaction.  Ho  proved  by 
experiment  that  a  partition  of  moist  bladder,  between  the  yeast  and 

#  Helmholtc*!  *  WiMciMohftftliche  Abhandlungen,'  vol.  2,  ^.  QQ^« 
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the  fermentable  liquid,  prevented  the  entrance  of  the  vibrios  which 
he  had  observed,  and  prevented  the  fermentation.  It  had  been 
reasonably  suggested  that  fermentation  or  putrefaction  might  be  a 
purely  chemical  process  produced  by  a  quasi-chemical  agent  or 
poison  secreted  by  a  living  organism ;  but  Helmholtz's  observation 
disproved  this  supposition  almost  certainly,  because  any  such  chem- 
ical substance  in  solution  would  pass  by  diffusion  through  the 
bladder,  and  produce  its  effect  without  any  direct  action  of  the  living 
creatures.  Although  Helmholtz  himself  was  characteristically  philo- 
sophical and  conscientious  in  nob  claiming,  as  absolutely  proved, 
what  he  had  only  rendered  probable,  it  is  certain  that  this  early  work 
of  his  on  putrefaction  and  fermentation  constituted  a  very  long  step 
towards  the  great  generalisation  of  Pasteur,  adverse  to  spontaneons 
generation,  and  decisive  in  attributing  to  living  creatures,  born  from 
previous  living  creatures,  not  only  fermentation  and  putrefaction,  but 
a  vast  array  of  the  virulent  diseases  and  blights,  which  had  been  most 
destructive  to  men,  and  the  lower  animals  and  crops  and  fruits.  It 
is  well  that  Helmholtz  himself  lived  to  see  the  great  benefits  con- 
ferred on  mankind  by  Pasteur's  work ;  and  by  the  annulment  of  the 
deadliness  of  compound  fractures  and  the  abolition  of  hospital 
gangrene  in  virtue  of  Lister's  antiseptic  treatment;  and  by  the 
sanitary  defences  against  fevers  and  blights,  realised  by  many  other 
distinguished  men  as  practical  applications  of  the  science  which  his 
own  typhus  fever  of  1841  helped  so  much  to  create. 

Close  after  his  work  on  this  subject  and  on  animal  heat,  followed 
investigations  on  the  velocity  of  transmission  along  the  sensory 
nerves  of  the  disturbance  to  which  sensation  is  due,  the  time  which 
the  person  perceiving  the  sensation  takes  to  decide  what  to  do  in 
consequence,  and  the  velocity  of  transmission  of  his  orders  along  the 
motor  nerves  to  the  muscles  which  are  to  carry  out  his  will.  Results 
of  the  highest  scientific  interest  and  of  large  practical  importance 
were  given  in  two  great  papers  published  in  1850.*  These  were 
followed  a  few  years  later  by  his  '*  Tonempfindungen,"  a  great 
work,  not  merely  confined  to  the  perception  of  sound,  but  including 
mathematical  and  experimental  investigations  on  the  inanimate 
external  infiuences  concerned  in  sound,  investigation  ot  the  anatom- 
ical structure  of  the  ear  in  virtue  of  which  it  perceives  sound,  and 
applications  to  the  philosophical  foundation  of  the  musical  art, 
which  holds  a  unique  position  in  the  literature  of  philosophy,  and  is 
certainly  a  splendid  monument  to  the  genius  and  indomitable  working 
power  of  its  author.  Another  great  work  of  Helmholtz  is  his 
'*  Physiologische  Optik ; "  who  shall  say  which  of  the  two  books  is 
the  more  important,  the  more  interesting,  or  the  more  valuable? 
Each  of  them  has  all  these  qualities  to  a  wonderfully  high  degree. 

•  Helmlioltz's  '  Wissenschaf tliche  Abhandlungen/  p.  763—861. 
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Perhaps  the  most  interesting  of  his  experimental  investigations  in 
physiological  optics  was  the  measurements,  by  his  ophthalmometer, 
of  the  cnrvatnres  of  the  several  refracting  surfaces  constituting  the 
lens-system  of  the  eye,  from  which  he  ascertained  that  it  is  almost 
altogether  by  changing  the  curvature  of  the  front  surface  of  the 
crystalline  lens  that  the  eye  is  accommodated  by  its  possessor  to 
vision  at  different  distances.  His  ophthalmoscope,  by  which  for  the 
first  time  he  himself  saw  and  showed  to  others  the  retina  of  the 
living  eye,  was  a  splendid  and  precious  contribution  to  medicine.  By 
allowing  that  outlying  portion  of  the  brain  to  be  distinctly  seen  and 
examined,  it  has  shown  the  cause  of  many  illnesses  which  had  been 
regarded  as  hopelessly  obscure ;  and  for  diagnosis  and  guidance  of 
medical  treatment,  it  is  now  continually  nsed  not  only  by  oculists, 
but  by  general  practitioners. 

Constrained  as  I  feel  not  to  overtax  your  patience,  I  find  it  impos- 
sible on  the  present  occasion,  to  enter  upon  Helmholtz's  researches 
in  mathematics  and  mathematical  physics  farther  than  just  to  mention 
his  small  but  exquisite  paper  on  anomalous  dispersion,  and  the  grand 
contribution  to  hydrodynamics  which  we  have  in  his  '*  Integrals  of 
the  Hydrodynamical  Equations  which  express  Vortex  Motion.*** 

Since  our  last  anniversary,  important  questions  regarding  the 
conduct  of  the  ordinary  meetings  and  the  publication  of  papers,  both 
in  the  *  Transactions  *  and  '  Proceedings  *  of  the  Royal  Society,  have 
been  engaging  the  attention  of  the  Council,  with  the  assistance  of  a 
Committee  appointed  on  the  5th  July,  1893.  The  final  report  of  this 
Committee  was  submitted  to  the  Council  on  the  5th  July,  1894,  when 
resolutions  were  adopted  accepting  some  of  its  recommendations  and 
deferring  the  consideration  of  others  until  after  the  recess. 

At  the  reqnest  of  the  Royal  Geographical  Society,  a  Committee 
vras  appointed  by  the  Council  of  the  Royal  Society  to  consider  the 
advisability  of  asking  the  Government  to  undertake  an  Antarctic 
Expedition.  A  very  important  and  valuable  Report  on  the  advan- 
tages which  such  an  expedition  would  bring,  both  to  science  and 
to  practical  navigation,  was  presented  by  this  Committee  to  the 
Council  on  the  24th  May.  The  Council,  after  much  careful  consider- 
ation, resolved  to  ask  the  Lords  of  the  Admiralty  to  graiit  an  inter- 
view on  the  subject  with  representatives  of  the  Royal  Society.  This 
request  was  assented  to :  and  an  interview  was  accordingly  held 
between  the  First  Lord  of  the  Admiralty  and  representatives  of  the 
Royal  Society ;  but  the  proposal  of  an  Antarctic  Expedition  was  not 
favourably  received. 

The    Joule    Fund  Committee   submitted   its   report   on   the   Ttli 

•  'Philosophical  Magazine,*  July,  1867,  being  the  translation  bj  Tait  of  the 
original  Oerman  paper,  wbich  appeared  in  Oelle*B  Journal  in  1858.  and  which  ha^ 
been  republished  in  '  Wissenichaftliche  Abhandlungen,*  vol.  1,  pp.  101 — 134. 
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December,  1893,  and  the  Council,  on  its  recommendation,  adopted 
the  following  resolutions : — 

I.  That  the  Begalations  for  administering  the  Joule-Memorial 
Fund  be  as  follows : — 

(1)  That  the  proceeds  be  applied  in  the  form  of  a  studentship  or 

grant,  to  be  awarded  every  second  year,  to  assist  research, 
especially  among  younger  men,  in  those  branches  of  physical 
science  more  immediately  connected  with  Joule's  work. 

(2)  That  this  grant  be  international  in  its  character,  and  awarded 

alternately  in  Great  Britain  and  abroad,  or  in  such  order  as 
the  President  and  Council  shall  from  time  to  time  decide. 

(3)  That  it  be  awarded  in  Great  Britain  by  the  President  and 

Council  of  the  Roj-al  Society;  and,  for  award  in  France, 
offered  to  the  Academic  des  Sciences,  Paris;  and  in  Ger- 
many to  the  K.  Akademie  der  Wissenschaf  ten,  Berlin ;  or, 
in  any  other  country,  to  the  leading  scientific  institution, 
for  award  in  that  country. 

(4)  That  the  award  in  Great  Britain  be  made  on  the  recommenda- 

tion of  a  Committee,  from  time  to  time  appointed  by  the 
President  and  Council  of  the  Royal  Society,  but  not  of 
necessity  confined  to  Fellows  of  the  Society. 

II.  That  a  sum  of  £100,  which  is  now,  or  shortly  will  be,  available, 
for  the  first  studentship  or  grant  be  awarded  in  accordance  with 
Regulation  4. 

The  first  appointment  was  accordingly  made  on  the  21st  June, 
1894,  when  it  was  resolved : — 

(1)  "That  a  Joule  Scholarship  of  the  Royal   Society  Memorial 

Fund  be  awarded  to  Mr.  J.  D.  Chorlton,  of  Owens  College, 
Manchester,  for  the  purpose  of  enabling  him  to  carry  on 
certain  researches  on  lines  laid  down  by  Dr.  Joule,  more 
especially  with  the  view  of  determining  the  constants  of 
some  of  the  instruments  employed  by  Dr.  Joule,  which  can 
be  placed  at  his  disposal  by  his  representatives." 

(2)  "  That  the  value  of  the  Scholarship  be  £100,  payable  quarterly, 

on  the  certificate  from  the  authorities  of  Owens  College 
that  the  researches  are  being  conducted  in  a  satisfactory 


manner." 


On  the  occasion  of  Sir  George  Buchanan's  retirement  from  the 
post  of  Chief  Medical  Officer  to  the  Local  Government  Board,  it 
was  decided  by  some  of  his  friends  that  a  testimonial  should  be  pre- 
sented to  him,  and  a  sum,  amounting  to  about  £340,  has  been  sub- 
scribed by  medical  officers  of  health,  sanitary  engineers,  and  others 
interested  in  sanitary  science.     It  was  resolved,  on  the  suggestion  of 
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Sir  Qeorge  Bnchanan  himself,  that  this  testimonial  shonld  take  the 
form  of  a  medal,  to  be  awarded  periodically  for  work  done  in  con- 
nection with  sanitary  science,  and  that  the  Royal  Society  should  be 
asked  to  administer  the  testimonial  fund  under  the  following  con- 
ditions : — 

1.  The  money  collected,   after  paying  expenses   incurred,  to  be 
deyoted — 

(a)  To  the  foundation  of  a  Grold  Medal  of  the  value  as  nearly  as 

may  be  of  twenty  guineas,  with  a  portrait  of  Sir  George 
Buchanan  ou  the  one  side  and  an  appropriate  design  on  the 
other,  to  be  awarded  every  three  or  five  years  in  respect  of 
distinguished  services  to  Hygienic  Science  or  Practice,  in  the 
direction  either  of  original  research  or  of  professional,  ad- 
ministrative, or  constructive  work. 

(b)  To  the  bestowal  on  the  recipient  of  the  Medal  of  the  amount 

(remaining  after  paying  for  the  Medal  and  discharging  the 
incidental  expenses)  which  has  accumulated  since  the  last 
award. 

2.  The  Medal  to  be  awarded  without  limit  of  nationality  or  sex. 
The  Ck>uncil  of  the  Royal  Society  has  accepted  the  Trust  under 

these  conditions ;  and  it  was  agreed  that  the  firat  medal  should  be 
given  to  Lady  Bachanan  by  the  testimonialists  themselves. 

The  Catalogue  Department  has  been  specially  active  in  the  past 
session.  Mr.  Ludwig  Moud's  generous  gift  of  £2000,  which  I 
announced  to  the  Society  in  my  Anniversary  Address  last  year,  has 
^Ten  a  new  impulse  to  our  operations  in  that  department,  and 
enabled  us  to  increase  the  staff  of  assistants.  Under  the  able  super- 
intendence of  Miss  Chambers,  Volume  10  of  the  Catalogue  under 
authors*  names  has  been  completed,  and  was  issued  in  June  of  the 
present  year.  The  Society  is  indebted  to  several  members  of  the 
Catalogue  Committee  who  have  lent  their  scientific  knowledge  to  aid 
in  the  revision  of  the  proofs,  and  especially  to  the  Treasurer,  under 
whose  experienced  eye  every  sheet  in  the  Catalogue  has  passed. 
The  preparation  of  copy  for  a  supplementary  volume,  which  will 
include  papers  from  a  large  number  of  periodicals  not  included  in  the 
existing  volumes,  is  now  nearing  completion. 

The  Catalogue  Committee  have  held  several  meetings  and  discussed 
some  important  questions.  The  proposed  subject-index  to  the  exist- 
ing Catalogue  has  been  the  chief  matter  under  consideration,  and 
the  burning  question  of  the  respective  merits  of  an  alphabetical  and 
a  classified  index  has  been  so  far  settled  as  to  make  it  possible  to 
commence  the  work  of  transcription  and  translation,  nearly  40,U00 
slips  being  already  finished,  so  that  when  the  details  of  the  plan 
agreed  upon  have  been  finally  settled,  as  there  is  good  hope  they  will 
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be  in  the  near  fnture,  the  preparation  of  the  copy  for  the  printer  can 
be  speedily  proceeded  with.  Before,  howoYer,  any  final  steps  can  be 
taken,  it  will  be  necessary  that  the  supplement  volnme  of  the  cata- 
logue should  have  issued  from  the  press.  The  preparations  for  this 
Yolume  are  in  active  progress. 

A  kindred  subject,  but  one  of  still  wider  scope,  has  been  discussed 
by  a  Special  Committee  appoiiited  by  the  Council  at  their  first  meet* 
ing  in  the  present  session.  The  question,  namely,  of  a  scientific 
subject-catalogue,  which  It  is  proposed  to  carry  out  by  means  of 
international  co-operation.  This  Committee,  with  the  sanction  of  the 
Council,  have  addressed  a  circular  letter  to  scientific  societies  and  in- 
stitutions in  this  country  and  abroad,  proposing  by  way  of  preliminary 
Rugofestions,  first,  that  the  Catalogue  should  commence  with  the  next 
century ;  secondly,  that  a  central  office  or  bureau  should  be  main- 
tained by  international  contributions;  and  third,  that  this  office 
should  be  supplied  with  all  the  information  necessary  for  the  con- 
struction of  the  Catalogue.  The  circular  invites  the  views  on  this 
subject  of  scientific  bodies  and  scientific  meji,  without  in  any  way 
committing  the  Society  to  farther  action.  A  large  number  of  replies 
to  this  circular  have  been  received,  many  of  them  carefully  prepared 
and  able  documents.  They  will  be  submitted  to  the  new  Council  of 
the  Royal  Society,  and  wdll,  I  am  snre,  be  most  valuable  in  assisting 
it  to  judge  as  to  future  proceedings. 

The  principal  question  which  the  Library  Committee  have  had 
before  them  during  the  past  session  is  the  accumulation  of  the  stock 
of  '  Philosophical  Transactions '  from  the  beginning  of  the  century  to 
the  present  time.  New  racks  have  been  erected  in  the  basement 
which  have  partly  relieved  the  pressure  on  our  space,  but  the  Com- 
mittee recognise  the  necessity  of  some  active  measures  being  taken  to 
increase  the  sale  of  this  accumulated  stock.  They  are  of  opinion  that 
the  sale  might  be  much  facilitated  if  the  memoirs  composing  the 
volumes  published  in  the  past  were  made  separately  available  to  the 
public,  as  is  done  with  those  that  are  published  at  the  present  time. 
On  the  advice  of  the  Committee,  the  Council  have  empowered  the 
Treasurer  to  treat  with  one  of  the  leading  booksellers  with  the  view 
of  bringing  some  such  arrangement  into  effect. 

The  collection  of  marble  busts  belonging  to  the  Society,  which  is 
of  such  personal  and  historical  interest  to  all  our  Fellows,  has  received 
most  important  and  valuable  accessions.  The  sons  of  our  former 
President,  Mr.  William  Spottiswoode — Messrs.  Hugh  and  Cyril 
Spottiswoode — have  presented  to  the  Society  a  marble  bust  of  their 
father,  by  Woolner,  which  will  find  in  our  apartments  a  fitting  home 
among  the  busts  of  many  of  our  former  Presidents  and  distinguished 
Fellows,  and  will  hand  down  to  posterity  a  striking  likeness  of  one 
who  deserved  so  well  of  the  Society  and  whose  premature  decease  we 
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all  still  deplore.  Earlier  in  the  session,  Mr.  Alfred  W.  Dollond  pre- 
sented a  marble  bnst  bj  Garland,  of  bis  great-uncle,  George  Dollond, 
P.B.S.,  who  himself  presented  a  bast  of  John  Dollond,  in  1843,  bj 
the  same  sculptor. 

The  House  and  Soiree  Committee  have  discussed  the  advisability 
of  increasiDg  the  accommodation  in  the  tea  room,  and  have  presented 
a  report  to  the  Council  upon  the  subject.  The  Council,  while  not 
disagreeing  with  this  report,  considered  it  wiser,  in  the  present  state 
of  finances,  to  defer  the  matter  for  a  time. 

A  third  Report  of  the  Water  Research  Committee  has  been  issued 
.during  the  present  year.  It  gives  the  results  of  further  experiments 
by  Professor  Marshall  Ward  on  the  "  Action  of  Light  on  Bacillus 
Anthracis,'*  and  on  the  *'  Bacteria  of  the  Thames,"  and  the  experi- 
ments of  Professor  Percy  Frankland  on  the  **  Behaviour  of  the 
Typhoid  Bacillus  and  of  the  Bacillus  Coli  Communis  in  Potable 
Water,**  the  whole  filling  242  octavo  pages. 

Unusually  large  as  was  the  amount  of  matter  published  last  year, 
this  year  the  amount  is  even  larger.  In  the  mathematical  and 
physical  section  of  the  '  Philosophical  Transactions,' seventeen  papers 
have  been  published,  eighteen  in  tbe  biological  section.  The  two 
sections  together  contain,  in  all,  1992  pages  of  letterpress,  and 
112  plates ;  to  which  must  be  added  eight  or  ten  papers  now  passing 
through  the  press,  and  probably  to  be  issued  before  the  close  of  the 
year.  Of  the  '  Proceedings,'  ten  numbers  have  been  issued,  contain- 
ing 1026  pages.  As  a  result,  the  finances  of  the  Society  are,  1 
regret  to  say,  in  not  such  a  satisfactory  condition  as  could  be  de- 
sired. The  cost  of  the  publications,  which,  last  year,  was  far  in 
excess  of  what  it  was  in  previous  years,  and  of  what  the  Society 
could  really  afford,  has,  in  the  year  1894,  amounted  to  nearly 
£3260,  or  about  £90  more  than  it  was  in  1893.  For  lithography 
and  engraving  alone  £1516  have  been  paid,  as  against  £977  last 
year.  There  is,  moreover,  an  accumulation  of  printed  matter  now 
almost  in  readiness  to  be  issued,  the  cost  of  which  has  still  to  be 
defrayed.  To  meet  this  extraordinary  expeuditui>e  it  has  been 
necessary  to  sell  out  enough  of  the  Society's  funded  capital  to  pro- 
duce £1000,  and  rigorous  retrenchment  will  be  necessary  in  order 
to  avoid  further  loss  of  provision  for  continued  work  in  future. 
While  the  Council  feels  the  importance  of  all  the  publications  of  the 
Society  being  as  completely  illustrated  and  as  fully  detailed  as  the 
subjects  discussed  may  require,  it  is  evident  that  some  check  must  be 
placed  on  the  extent  of  the  publications,  and  the  best  manner  of  effect- 
ing this  end  is  occupying  the  careful  attention  of  the  Council. 

The  establishment  of  the  Faraday-Davy  Research  Laboratory,  in 
connexion  with  the  Royal  Institution,  is  a  splendid  benefaction  which 
Hcieuce  has  gained  during  the  past  year,  through  the  untiring  and 
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grand  generosity  of  Mr.  Lndwig  Mond.  The  Koyal  Society  interests 
itself  in  all  work  contributing  towards  the  object  for  which  it  was 
founded — the  increase  of  natural  knowledge ;  and  while  gratefully 
remembering  the  assistance  so  generously  given  to  it  in  the  humble  but 
highly  valuable  work  of  cataloguing  papers  which  describe  the  results 
of  scientific  investigations  already  made,  it  hails  with  delight  this  grand 
foundation  of  a  practical  laboratory,  of  which  the  purpose  is  not  the 
teaching  of  scientific  truths  already  discovered,  but  the  conquer- 
ing of  fresh  provinces  from  the  great  region  of  the  unknown  in 
Nature. 

The  greatest  scientific  event  of  the  past  year  is,  to  my  mind,  nn- 
doubfcedly  the  discovery  of  a  new  constituent  of  our  atmosphere.  If 
anything  could  add  to  the  interest  which  we  must  all  feel  in  this 
startling  discovery,  it  is  the  consideration  of  the  way  by  which  it 
was  found.  In  his  Presidential  address  to  Section  A  of  the  meeting 
of  the  British  Association  at  Southampton  in  1882,  Lord  Rayleigh, 
after  calling  attention  to  Front's  law,  according  to  which  the  atomic 
weights  of  the  chemical  elements  stand  in  simple  relationship  to  that 
.of  hydrogen,  said : — "  Some  chemists  have  reprobated  strongly  the 
importation  of  d  priori  views  into  the  consideration  of  the  ques- 
tion, and  maintain  that  the  only  numbers  worthy  of  recognition  are 
the  immediate  'results  of  experiment.  Others,  more  impi-essed  by 
the  arcfument  that  the  close  approximations  to  simple  numbers  cannot 
be  merely  fortuitous,  and  more  alive  to  the  inevitable  imperfections 
of  our  measurements,  consider  that  the  experimental  evidence  against 
the  simple  numbers  is  of  a  very  slender  character,  balanced,  if  not 
outweighed,  by  the  a  priori  argument  in  favour  of  simplicity.  The 
subject  is  eminently  one  for  further  experiment;  and  as  it  is  now 
engaging  the  attention  of  chemists,  we  may  look  forward  to  the 
settlement  of  the  question  by  the  present  generafion.  The  time  has, 
perhaps,  come  when  a  re-determination  of  the  densities  of  the 
principal  gases  may  be  desirable — an  undertaking  for  which  I  have 
made  some  preparations."  The  arduous  work  thus  commenced  in 
1882,  has  been  continued  for  12  years,*  by  Rayleigh,  with  unremit- 
ting perseverance.  After  11  years  of  it,  a  first  important  part  of 
the  object,  the  determination  of  the  atomic  weight  of  oxygen  with 
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•  "  On  the  relaHre  Densities  of  Hydrogen  and  Oxygen.    Prelimiuarj  Notice,' 
by  Lord  Rayleigh,  February  2, 1888. 
"  On  the  Composition  of  Water,"  by  Lord  Rayleigh,  February  26, 1889. 
''On  the  relative    Densities  of   Hydrogen  and   Oxygen.    II."     By  Lord 

Rayleigh,  February  6, 1892. 
"  On  the  Densities  of  the  principal  Gases,"  by  Lord  Rayleigh,  March  23, 1893. 
"  On  an  Anomaly  encountered  in  Determinations  of  the  Density  of  Ifitrogen 
Gas,"  by  Lord  Rayleigh,  April  19,  1894. 
All  published  in  the  *  Prooeedingi  of  the  Royal  Society.* 
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all  pofisible  accaracy  was  attained  by  the  comparison,*  of  Scott's 
determination  of  the  ratio  of  the  volumes  of  hydrogen  and  oxygen 
in  the  constitntion  of  wat-er,  with  Rayleigh's  determination  of  the 
ratio  of  the  densities.  The  result  was  15*82,  which  is  almost  1  per 
cent.  (0*87  per  cent.)  less  than  the  16,  which  it  wonid  be  according 
to  Front's  law.  It  is  very  slightly  less  {\  per  cent.)  than  Dittmar 
and  Henderson's  value  obtained  by  an  investigationf  for  which 
the  Gh*aham  medal  of  the  Glasgow  Philosophical  Society  was 
awarded  in  1890.  Yalaes,  not  quite  so  small  as  these  for  the  atomic 
weight  of  oxygen,  had  been  previously  found  by  Cooke  and  Richards 
(15-869)  and  by  Leduc  (15*876).  There  can  be  no  doubt  whatever 
now  that  the  true  value  is  more  than  \  per  cent,  smaller  than  accord- 
ing to  Front's  law,  and  that  in  all  probability  it  agrees  exceedingly 
closely  with  the  results  obtained  by  Rayleigh  and  Scott,  and  by 
Dittmar  and  Henderson.  The  question  of  Front's  law  being  thus  so 
ftur  set  at  rest,  Rayleigh,  persevering  in  the  main  object  which  he  had 
promised  in  1882,  *'  a  redetermination  of  the  densities  of  the  principal 
gases,"  attacked  nitrogen  resolutely  and,  stimulated  by  most  disturb- 
ing and  unexpected  difficulties  in  the  way  of  obtaining  concordant 
resalts  for  the  density  of  this  gas  as  obtained  from  difEerent  sources, 
discovered  that  the  gas  left  by  taking  vapour  of  water,  carbonic 
acid,  and  oxygen  from  common  air  was  denser;];  by  1/230  than 
nitrogen  obtained  by  chemical  processes  from  nitric  oxide  or  from 
nitrous  oxide,  or  from  ammonium  nitrite,  thereby  rendering  it 
probable  that  atmospheric  air  is  a  mixture  of  nitrogen  and  a  small 
pfoportion  of  some  unknown  and  heavier  gas.  Rayleigh,  and  Ramsay 
who  happily  joined  in  the  work  at  this  stage,  have  since  succeeded  in 
iM>lating  the  new  gas,  both  by  removing  nitrogen  from  common  air 
by  Cavendish's  old  process  of  passing  electric  sparks  through  it, 
and  taking  away  the  nitrons  compounds  thus  produced  by  alkaline 
liquor;  and  by  absorption  by  metallic  magnesium.  Thus  we  have  a 
fresh  and  most  interesting  verification  of  a  statement  which  1  took 
occasion  to  make  in  my  Fresidential  address  to  the  British  Associa- 
tion in  1871,  §  *'  Accurate  and  minute  measurement  seems  to  the  non- 
acientific  imagination  a  less  lofty  and  dignified  work  than  looking  for 
something  new.  But  nearly  all  the  grandest  discoveries  of  science 
Lave  been  but  the  rewards  of  accurate  measurement  and  patient 
long-continued  labour  in  the  minute  sifting  of  numerical  results." 
The  investigation  is  now  being  carried  on  vigorously,  and  has  already 

•  Scott,  "On  the  Composition  of  Water  by  Volume,*'  communicated  by  Lord 
Bayleigh,  •  Eoj.  Soc.  Proc./  March  23,  1893. 

t  *  Proceedings  of  the  Philosophical  Society  of  Glasgow/  1890—1891. 

X  '*  On  an  Anomaly  encountered  in  Determinations  of  the  Density  of  Nitrogen 
Gas,"  *  Roj.  Soc.  Proc./  April,  1894. 

§  Bepublished  in  Yolome  2  of  '  Popular  Lectures  and  Addresses.' 
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led  to  the  wonderf  a1  conclusion  that  it  does  not  combine  with  any  other 
chemical  substance  which  has  hitherto  been  presented  to  it.  We  all 
wait  with  impatience  for  farther  results  of  the  work ;  we  wish  success 
to  it,  and  we  hope  that  it  will  give  us,  before  the  next  anniversary 
meeting  of  the  Royal  Society,  much  knowledge  of  the  properties,  both 
physical  and  chemical,  of  the  hitherto  unknown  and  still  anonymous 
iif  th  coustitueut  of  our  atmosphere. 

CoPLET  Medal. 
Br,  Edward  Frankland,  B.CL.,  F.B.8. 

The  Copley  Medal  is  awarded  to  Dr.  E.  Frankland  for  his  eminent 
services  to  theoretical  and  applied  chemistry. 

At  a  time  when  the  classification  of  organic  compounds  in  homolo- 
^us  series  was  a  comparative  novelty,  when  isomerism  was  still  a 
profound  mystery,  and  the  theory  of  compound  radicles  introduced 
by  Lie  big  was  still  on  its  trial.  Dr.  Frankland  made  his  first  attempt 
(in  184S)  to  isolate  the  radicle  of  common  alcohol.  Though  the 
attempt  was  in  one  sense  unsuccessful,  inasmuch  as  the  free  radicle 
was  never  obtained,  for  reasons  which  we  now  more  fully  understand, 
the  research  led  to  important  consequences.  The  discovery  of  the 
organo-metallic  compounds,  and  the  study  of  their  composition  and 
properties,  was  followed  by  a  recognition  of  the  fact,  first  that  the 
capacity  for  combination  possessed  by  the  atoms  of  the  metals  was 
limited  (*  Phil.  Trans.,'  1852),  and  secondly  that  variation  of  ''atom- 
icity," as  it  was  then  called,  usually  occurs  by  an  even  number  of 
units  (*  Jonrn.  Chem,  Soc.,'  1866),  represented  by  atoms  of  hydrogen, 
chlorine,  or  such  compound  radicles  as  methyl,  ethyl,  and  the  rest. 
These  disco veiies  form  the  basis  of  the  modem  doctrine  of  valenoy, 
with  all  the  important  consequences  that  follow,  including  the  idea  of 
the  orderly  linking  of  atoms,  and  hence  the  theories  of  structure  or 
constitution  now  current. 

The  discovery  of  zinc  ethyl  placed  in  the  hands  of  chemists  an 
important  new  instrument  of  research,  which  Dr.  Frankland  was 
himself  tbe  first  to  use  in  his  investigations  concerning  the  syntheti- 
cal production  of  acids  of  the  lactic  and  acrylic  series.  Further 
important  synthetical  work,  conducted  in  concert  with  Mr.  Duppa, 
led  to  a  method  of  ascending  the  series  of  acids  homologous  with 
acetic  acid. 

Dr.  Frrtukland's  researches  in  pure  chemistry  are  almost  rivalled 
in  interest  by  his  discoveries  in  physical  chemistry,  especially  in 
relation  to  the  influence  of  pressure  on  tbe  rate  of  combustion,  on  the 
light  emitted  during  combustion,  and  on  the  cause  of  luminosity  in 
hydrocarlK)n  flimcs. 

The  important  work  done  by  Dr.  Frankland  in  the  study  of  water- 
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sapplj  and  sewage,  and  illnminating  gas,  has  proved  of  great  practi- 
cal value,  and  has  rendered  his  name  famous  in  conneotion  with  the 
application  of  chemistry  to  technical  purposes. 

BUMFORD  MlDAL. 

Professor  Dewar. 

During  more  than  twenty  years  past  Professor  Dewar  has  been 
engaged  in  researches  of  great  diffioalty,  in  the  first  instance  at  very 
high,  and  latterly  at  very  low  temperatures,  his  inquiries  having 
extended  over  an  extraordinarily  wide  field,  as  will  be  seen  by  refer- 
ence to  the  '  B.S.  Catalogue  '  of  scientific  papers. 

In  conjunction  with  Professor  Liveing,  he  has  communicated  to 
the  Royal  Society  a  large  number  of  papers  which  have  added  much 
to  our  knowledge  of  spectroscopic  phenomena. 

During  recent  years  he  has  made  the  liquefaction  of  gases  a 
subject  of  deepest  study,  and  in  the  course  of  this  work  has  dis- 
played not  only  marvellous  manipulative  skill  and  fertility  of 
resource,  but  also  great  personal  courage,  such  researches  being 
attended  with  considerable  danger.  One  of  his  chief  objects  has 
been  so  to  improve  and  develope  the  methods  of  liquefying  the  more 
permanent  gases  that  it  shall  become  possible  to  deal  with  large 
quantities  of  liquid,  and  to  use  soch  liquids  as  instraments  of 
research  in  extending  our  knowledge  of  the  genei-al  behaviour  of  sub- 
stances at  very  low  temperatures.  In  this  he  has  already  been  highly 
suocessfol.  Not  only  has  he  succeeded  in  preparing  large  quantities 
of  liquid  oxygen,  but  he  has  been  able  by  the  device  of  vacuum- 
jacketed  vessels  to  store  this  liquid  under  atmospheric  pressure 
during  long  periods,  and  thus  to  use  it  as  a  cooling  agent.  Very 
valuable  outcome  of  these  labours  has  been  the  series  of  determina- 
tions, made  by  him  in  conjunction  with  Dr.  Fleming,  of  the  electrical 
conductivity  of  metals  at  exceedingly  low  temperatures,  which  have 
furnished  results  of  a  most  unexpected  character,  and  of  extraordi- 
nary interest  and  importance.  Professor  Dewar's  experiment  show- 
ing the  great  magnetic  susceptibility  of  liquid  oxygen  is  exceedingly 
important  and  interesting.  His  recent  obsertrations  on  phospho- 
rescence, and  on  photography,*  and  on  ozonef  at  very  low  tempera- 
tures, have  given  surprising  results  of  a  highly  instructive  and  in- 
teresting character.  It  is  difficult  to  exaggerate  the  importance  of 
extending  these  researches,  which  certainly  deserve  all  possible 
encouragement  and  support.  The  award  of  the  Bumford  Medal  to 
Professor  Dewar  is  made  in  recognition  of  the  services  which  he 
has  rendered  to  science  by  the  work  which  he  has  already  done  and 

•  *  Chem.  Soc.  Proc.,'  June  28,  1894. 

t  '  FhU.  Mag.,'  August,  1894,  pp.  288,  239. 
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tho  proYision  fae  has  been  saccessfxil  in  making  for  fntnre  work,  in 
the  investigation  of  properties  of  matter  at  lowest  temperatnres. 

Royal  Medal. 
Professor  J,  J.  Thomson,  F,R.8, 

Professor  J.  J.  Thomson  has  distingnished  himself  in  both  mathe- 
matical and  experimental  fields  of  work.  His  first  essaj  on  vortex 
rings  showed  power  of  grappling  with  difficalt  problems,  and  added 
to  onr  knowledge  concerning  the  encounter  of  rings  which  camjB 
within  a  moderate  distance  of  one  another  so  as  to  defiect  each  others* 
paths. 

His  theoretical  work  in  the  borderland  of  chemistry  and  physics 
has  been  very  interesting  and  suggestive.  His  experimental  work 
has  likewise  been  mainly  on  the  bordera  of  chemistry  and  physics. 
He  has  observed  the  large  conductivity  of  many  gases  and  vt^poors, 
and  proved  the  non-conducting  power  of  several  others,  founding 
on  the  conducting  power  of  iodine  vapour  important  speculations  as 
to  its  probable  chemical  constitution. 

He  has  also  measured  the  specific  resistance  of  various  electrolytes, 
under  extremely  rapid  electric  oscillations,  by  an  ingenious  and  valuable 
method,  based  on  the  partial  opacity  of  semi-conducting  matter  to 
electro- magnetic  waves.  Recently  he  has  worked  at  the  discluuqge 
of  electricity  through  rarefied  gases,  getting  induced  currents  in 
closed  circuits  in  sealed  bulbs  without  electrodes,  and,  in  especial, 
measuring  to  a  first  approximation  the  absolute  velocity  of  the  posi- 
tive discbarge  through  a  long  vacuum  tube,  proving  that  it  was  com- 
parable with,  though  decidedly  less  than,  the  velocity  of  light.  He 
also  gave  an  ingenious  theory  of  the  striae — a  theory  which  he  has 
since  endeavoured,  with  some  success,  to  extend  to  a  large  number  of 
electrical  phenomena,  the  whole  of  electric  conduction  and  induction 
being  regarded  by  him  from  the  chemical  side  as  a  modified  or  inci- 
pient electrolysis,  or  as  concerned  with  electrolytic  chains  of  mole- 
cules or  "  Faraday  tubes." 

Some  of  his  recent  mathematical  work  on  the  theory  of  electric 
oscillations  in  spheres  and  cylinders,  and  in  dumb-bell  oscillators  of 
the  kind  used  by  Hertz,  with  reference  to  not  only  their  oscillation- 
frequency  but  also  their  damping  efiiciency,  has  been  of  much  service 
to  experimental  workers  in  those  branches  of  physics.  And,  in 
general,  the  effective  manner  in  which  he  attacks  any  electrical 
problem  presenting  itself,  as  evidenced  by  his  book  on  Recent 
Researches  in  Electricity  and  Magnetism,  wherein  he  worthily  carries 
on  into  a  third  volume  the  great  treatise  begun  by  Clerk  Maxwell,  is 
evidence  of  consummate  ability  combined  with  remarkable  energy 
and  power  of  work. 
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Royal  Medal. 
Professor  Victor  Horslei/y  F,R,8. 

A  Royal  Medal  is  awarded  to  Professor  Victor  Horsley,  F.R.S., 
for  bis  labortons  and  f mitf al  researches  in  physiology  and  pathology, 
and  pai'ticalarly  for  those  relating  to  the  functions  of  the  nervoas 
system  and  of  the  thyroid  gland.  His  inquiries  relating  to  the 
former  subject  have  been  pursued  for  more  than  ten  years,  and 
have  been  communicated  to  the  Royal  Society  in  a  succession  of 
pftpem,  the  most  important  of  which  have  been  published  in  the 
*  Philosophical  Transactions.*  The  first  of  the  series  of  researches 
('Phil.  Trans.',  1888),  which  was  conducted  in  co-operation  with 
Professor  Schafer,  and  concerned  the  relation  of  a  part  of  the  cere- 
bral cortex  (the  limbic  lobe)  to  sensation,  afforded  a  new  confirmation 
and  extension  of  the  doctrine  of  the  localisation  of  cerebral  function 
now  generally  accepted.  While  this  work  was  in  progress,  Prafessor 
Horsley  engaged  with  Dr.  Beevor  in  a  long  and  laborious  series  of 
experiments,  for  the  purpose  of  determining  with  the  utmiost  attain- 
able accuracy  the  nature  of  the  muscular  responses  which  are  evoked 
by  stimulating  the  convolutions  in  the  quadrumana.  The  results  of 
these  researches  were  communicated  in  four  papers,  of  which  the  first 
three  relate  to  the  ''cortical  representations"  of  the  movement  of 
the  limbs,  and  of  those  of  the  tongue  and  face  ('Phil.  Trans.,' 
1887 — 1890)  ;  the  fourth  to  the  channels  (in  the  internal  capsule)  by 
which  the  cortex  exercises  its  influence  on  the  rest  of  the  nervous 
system  ('Phil.  Trans.,'  1890). 

These  experiments  not  only  served  to  bring  to  light  a  number  of 
new  facts,  and  to  elucidate  their  physiological  relations  in  a  very 
ranarkable  way,  but  had  a  special  interest  in  their  bearing  on  the 
l^jsiology  and  pathology  of  the  brain  in  man.  Their  importance  in 
this  respect  is  enhanced  by  the  circumstance  that  in  the  course  of  the 
enquiry  the  opportunity  offered  itself  of  comparing  the  brain  of  the 
monkey  with  that  of  the  orang  ('  Phil.  Trans.,'  1890),  a  brain  which 
so  closely  approaches  that  of  man  in  its  structure  that  the  knowledge 
acquired  by  these  researches  may  now  be  confidently  used  as  a  guide 
in  the  diagnosis  and  treatment  of  cerebral  disease.  Professor  Horsley 
has  himself  shown — and  this  is  not  the  least  of  the  merits  which  it  is 
desired  to  reoc^ipiise  in  the  bestowal  of  the  Royal  Medal — in  how 
many  instances  the  knowledge  which  is  acquired  by  patient  and 
skilfol  work  in  the  laboratory  may  be  made  available  for  the  saving 
of  Hfe,  or  the  aUeviation  of  human  suffering. 

In  connection  with  this  leading  series  of  researches,  two  others 
relating  to  the  physiology  of  the  central  nervous  system  must  be 
referred  to.  In  one  of  these  ('  Phil.  Trans.,'  1890),  Professor  Horsley 
(in  co-operation  with  Dr.  Semon)  established  the  existence,  not  only 
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of  a  co-ordinating  centime  in  the  balb,  bat  of  a  cortical  area  in  physio- 
logical relation  with  the  respiratory  and  phonatory  movements  of  the 
larynx  ;  in  the  other,  in  conjunction  with  Professor  Ootch,  he  investi- 
gated the  electrical  changes  in  the  spinal  cord  which  are  asaociated 
with  excitation  of  the  cortex  and  inteiiial  capsule,  and  showed  how 
the  observation  of  these  facts  can  be  made  available  for  tracing 
channels  of  oondaction  in  the  cord. 

As  regards  the  thyroid  gland,  Professor  Horsley 's  inqniries  relating 
to  functions  of  that  organ  were,  like  those  relating  to  the  nervons 
system,  began  ten  years  ago,  though  the  resnlts  were  not  communi- 
cated to  the  Royal  Society  until  three  years  later.  Their  purpose 
was  to  ascertain  the  nature  of  the  very  marked  influence  which  the 
thyroid  was  known  to  exercise  on  the  nutritive  functions  of  the 
organism,  and  to  show  that  this  influence  is  constant  and  definite. 
In  this  field,  Professor  Horsley  has  not  only  the  merit  of  having  been 
one  of  the  earliest  workers,  but  of  having  at  this  early  period  arrived 
at  results  which  the  numerous  investigations  of  subsequent  writers 
have  in  all  essential  particulars  confirmed. 

Davy  Medal. 
Professor  Peter  Theodor  Cleve. 

The  Davy  Medal  is  awarded  to  Peter  Tlieoilor  Cleve,  Professor  of 
Chemistry  in  the  University  of  Upsala,  for  his  services  to  chemioal 
science  duiing  the  last  thirty  years,  and  in  particular  for  his  long* 
continued  and  valuable  researches  on  the  chemistry  of  the  rare  earths. 

This  field  of  inquiry  is  pre-eminently  Scandinavian.  By  the 
manner  in  which  he  has  cultivated  it.  Professor  Cleve  has  shown 
himself  a  worthy  successor  of  such  foreranneis  as  Gadolin,  Berselios, 
and  Mosander,  and  by  sound  and  patient  investigation  he  has  faith- 
fully upheld  the  traditions  inseparably  associated  with  these  names. 
All  chemists  are  agreed  that  no  department  of  their  science  denuuoida 
greater  insight  or  more  analytical  skill  than  this  particular  section. 
Many  of  the  minerals  which  furnish  the  starting  point  for  investiga- 
tion are  extremely  rare,  and  the  amounts  uf  the  several  earths  which 
they  contain  are  frequently  very  small.  Moreover,  the  substances 
themselves  are  most  difficult  of  isolation,  and  their  characters  are  so 
nearly  allied  that  the  greatest  care  and  judgment  are  required  in 
order  to  determine  their  individuality. 

A  remarkable  example  of  Professor  Clove's  power  in  overcoming 
these  difficulties  is  seen  in  his  masterly  inquiry  into  the  affinities  and 
relations  of  the  element  scandium,  discovered  by  Nilson.  This,  one 
of  the  rarest  of  the  metals,  is  found  only  in  gadolinite  to  the  extent 
of  0*003  per  cent.,  and  in  yttrotitanite  to  the  extent  of  about  0*00& 
per  cent.     The  whole  amount  of  the  material|  as  oxide,  at  Cleve's 
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dispoial  -WBS  only  about  1  gpram,  bat  with  this  small  quantity  he 
determined  the  atomic  weight  of  the  element,  and  ascertained  the 
oharaoters  of  its  salts  with  such  precision  as  to  leave  no  doubt  of  the 
identity  of  scandium  with  the  element  Bhahor^  the  existence  of  which 
was  predicted  bj  Mendeleef,  in  the  memorable  paper  in  which  he 
first  enunciated  the  Law  of  Periodicity.  Cleve's  research,  indeed, 
oomatitutes  one  of  the  most  brilliant  proofs  of  the  soundness  of  the 
great  g^eneralisation  which  science  owes  to  the  Russian  chemist. 

A  not  less  remarkable  instance  of  Gleve's  skill  as  a  worker  is  seen 
in  his  research  on  samarium  and  its  compounds,  which  he  communi- 
cated, as  one  of  its  Honorary  Foreign  Fellows,  to  the  Chemical  Society 
of  London.  The  existence  of  samarium  was  inferred  independently  by 
Delafontaine  and  Lecoq  de  Boisbaudran,  bat  we  owe  to  Gleve  the 
first  comprehensive  investigation  of  its  characters  and  chemical 
relations.  From  the  nature  of  its  compounds,  a  large  number  of 
which  were  first  prepared  and  quantitatively  analysed  by  Cleve,  and 
from  the  value  of  its  atomic  weight,  which  was  first  definitely  estab- 
lished by  him,  it  would  appear  that  samarium  most  probably  fills  a 
gap  in  the  eighth  group  of  Mendeleef's  system. 

We  are  further  indebted  to  Cleve  for  a  series  of  determinations  of 
the  atomic  weights  of  the  rare  substances  yttrium,  lanthanum,  and 
didymium ;  these  are  generally  accepted  as  among  the  best  authenti- 
cated values  for  these  particular  bodies. 

No  record  of  Clove's  scientific  activity  would  be  complete  without 
some  reference  to  his  investigations  in  the  domain  of  organic 
chemistry,  and  more  particularly  to  his  studies,  extending  over 
twenty  years,  of  naphthalene  derivatives.  By  these  researches, 
made  partly  independently,  and  partly  in  conjimction  with  his  pupils, 
among  whom  may  be  named  Atterberg,  Widman,  Forsling,  and 
Hellstrom,  deve  has  gradually  brought  order  out  of  confusion,  and 
has  supplied  most  valuable  experimental  evidence  of  the  constitution 
of  naphthalene,  and  of  the  course  of  substitution  of  naphthalene 
derivatives.  Within  recent  years  a  score  of  workers  have  occupied 
themselves  with  the  same  field  of  research,  and  no  greater  proof  of 
Cleve's  accuracy  and  care  as  an  investigator  could  be  furnished  than 
the  manner  in  which  his  naphthalene  work — confessedly  one  of  the 
most  intricate  and  complicated  sections  of  the  chemistxy  of  aromatic 
compounds — ^has  stood  the  ordeal  of  revision. 


Darwin  Medal. 

RL  Hon.  T.  H.  Huxley,  F,B.8. 

The  Darwin  Medal  is  awarded  to  Thomas  Henry  Huxley. 

Of  Mr.  Huxley's    general  labours  in  biological  and  geological 
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Rcience  I  need  saj  Dothing  here.  They  are  known  of  all  men,  and 
the  Society  showed  its  appreciation  of  their  worth  when  it  awarded 
to  him  the  Copley  Medal  in  1888.  The  present  medal  is  a  token  of 
the  yalne  put  by  the  Society  on  the  part  of  his  scientific  actiyitj 
bearing  more  directly  on  the  biological  ideas  with  which  the  name  of 
Charles  Darwin  will  always  be  associated. 

All  the  world  now  knows  in  part,  no  one  perhaps  will  ever  know 
in  fnll,  how,  in  the  working  out  of  his  great  idea,  Darwin  was 
encouraged,  helped,  and  guided  by  constant  communion  with  three 
close  and  faithful  friends,  Charles  Lyell,  the  younger  Joseph  Dalton 
Hooker,  and  the  still  younger  Thomas  Henry  Huxley.  Each  repre- 
senting more  or  less  different  branches  of  science,  each  bringing  to 
bear  on  the  problems  in  hand  more  or  less  different  mental  charac- 
ters, all  three  bore  share,  and  were  pi*oud  to  bear  share,  in  aiding  the 
birth  of  the  "Origin  of  Species."  Charles  Lyell  has  long  been 
removed  from  us.  Two  years  ago  it  was  my  pleasing  duty  to  place 
the  Darwin  Medal  in  the  hands  of  Joseph  Dalton  Hooker;  that 
pleasing  duty  is  renewed  to-day  in  now  giving  it  to  the  last  of  the 
three  **  who  kept  the  bridge.'* 

To  the  world  at  large,  perhaps,  Mr.  Huxley's  share  in  moulding  the 
thesis  of  *'  Natural  Selection  "  is  less  well  known  than  is  his  bold 
unwearied  exposition  and  defence  of  it  after  it  had  been  made  public. 
And,  indeed,  a  speculative  trifler,  revelling  in  problems  of  the  '^  might 
have  been,"  would  find  a  congenial  theme  in  the  inquiry  how  soon 
what  we  now  call  "  Darwinism  "  would  have  met  with  the  acceptance 
with  which  it  has  met,  and  gained  the  power  which  it  has  gained, 
had  it  not  been  for  the  brilliant  advocacy  with  which  in  its  early 
days  it  was  expounded  to  all  classes  of  men. 

That  advocacy  had  one  striking  mark ;  while  it  made  or  strove  to 
make  clear  how  deep  the  new  view  went  down  and  how  far  it 
I'cached,  it  never  shrank  from  striving  to  make  equally  clear  the 
limits  beyond  which  it  could  not  go.  In  these  latter  days  there  is 
fear  lest  the  view,  once  new  but  now  familiar,  may,  through  being 
stretched  farther  than  it  will  bear,  seem  to  lose  some  of  its  real  worth. 
We  may  well  be  glad  that  the  advocate  of  the  "  Origin  of  Species 
by  Natural  Selection,"  who  once  bore  down  its  foes,  is  still  among  ns, 
ready,  if  needs  be,  to  *'  save  it  from  its  friends." 

The  Statutes  relatinc^  to  the  election  of  Council  and  Officers  were 
then  read,  and  Professor  Armstrong  and  Admiral  Sir  Erasmus 
Ommanney  having  been,  with  the  consent  of  the  Society,  nominated 
Scrutators,  ihe  votes  of  the  Fellows  present  were  taken,  and  the 
following  were  declared  duly  elected  as  Council  and  Officers  for  the 
ensuing  year :— 
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Pr«riVieii*.— The  Lord  Kelvin,  D.C.L.,  LL.D. 

rrfio^wrer.— Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D. 

q       .     .    f  Professor  Michael  Foster,  M.A.,  M.D. 

ecre  anei.      <^  ^^  ^^^  Rayleigh,  M. A.,  D.C.L. 

Foreign  Secretary. — Sir  Joseph  Lister,  Bart.,  F.R.C.S. 

Other  Members  of  the  CoitneU, 

Andrew  Ainslie  Gommony  LL.D. ;  William  Crookes,  F.C.S.  ; 
Francis  Darwin,  M.A. ;  Andrew  Russell  Forsyth,  Sc.D. ;  Sir  Douglas 
Galton,  K.G.B. ;  Professor  Alexander  Henry  Green,  M.A. ;  Sir  John 
Kirk,  K.G.B. ;  Professor  Horace  Lamb,  M.A. ;  Professor  Edwin 
Ray  Lankester,  M.A. ;  Professor  Alexander  Macalister,  M.D. ;  Pro- 
fessor John  Henry  Poynting,  D.Sc. ;  Professor  Arthur  William 
Riicker,  M.A. ;  Osbert  Salvin,  M.A, ;  Professor  J.  S.  Burdon  Sander- 
son, M.D. ;  Thomas  Edward  Thorpe,  Sc.D. ;  William  Henry 
White,  C.B. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 
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The  following  Table  shows  the  progress  and  present  state  of  the 
Society  with  respect  to  the  number  of  Fellows  : — 


1 

Patron 

and 

Boyal. 

Foreign. 

Com- 
pounders. 

£4 
yearly. 

£8 

yearly. 

Total. 

Nov.  80,  1893   . . 

Since  Elected     . . 

Since  Compoandcd 

Since  Deceased  . . 

Withdrawn       or 
Removed        .  • 

0 
-1 

48 
+3 

-8 

153 

+  1 
—4 

124 
+  1 

-8 
-2 

181 

+  15 

-1 

-4 

511 
+  19 

^20 
-2 

Nov.  30,  1894    .. 

4 

48 

150 

115         191 

508 

Account  of  Grants  from  the  Donation  Fund  in  1893-94. 

£    8.    d* 

Prof.  J.  Milne,  in  further  aid  of  his  Seismographio  Inves- 
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Introduction. 

The  preliminary  paper  on  this  subjectf  gave  the  results  of  a  single 
experiment,  and  approximately  accounted  for  them  by  a  mathematical 
theory  of  the  reflexion  and  interference  phenomena  involved. 

Since  the  publication  of  that  paper  the  question  of  distarbances 
has  been  investigated,  the  experimental  conditions  improved,  and 
various  results  obtained  in  confirmation  of  the  original  conclusions. 

These  matters  form  the  subject  of  the  present  communication. 

The  apparatus  employed  for  observing  the  interference  phenomena 
is'  diagrammatically  represented  in  fig.  1  and  explained  in  the  notes 
accompanying  it. 

In  Experiment  YII  the  electrometer  was  placed  at  HH'  instead  of 
KE',  its  usual  position.  In  Experiments  VIII  and  IX  two  electro- 
meter needles  were  used,  their  respective  attachments  being  at  FP' 
and  HH'. 

The  lengths  of  SAM  and  MD,  and  the  special  construction  of  the 
abnormal  part  will  be  specified  as  required  in  the  coui*8e  of  the  paper 
when  reference  is  made  to  the  figure. 

In  the  former  paper}  it  was  shown  that  in  the  case  of  a  train  of 
electrical  waves  advancing  along  the  secondary  from  AA'  towards 
DD'  fig.  1,  we  have  the  following  phenomena: — 

(1.)  A  partial  reflexion  at  BB',  the  beginning  of  the  abnormal  part ; 
(2.)  A  partial  reflexion  at  CC,  the  end  of  the  abnormal  part ;  and 
(3.)  Interferences  between  the  two  sets  of  waves  proceeding  from 
BB'  and  CC  respectively. 

•  The  references  given  in  the  abstract  of  this  paper  (*  Proceedings/  vol.  56, 
p.  350)  are  to  the  full  manuscript,  presenred  in  the  archives  of  the  "Royal  Society. 
t  *Proc.  Roy.  Soc./  vol.  54,  pp.  85—96. 
J  Loc.  eit.,  p.  87. 
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Fig.  1. — Diagram  of  Apparatus. 


BMC  H  D 


It  If  C 


EXPLANATION  OF  FIG.  1. 

I.    Induction  coil  worked  by  two  secondary  cells.    This  coil  could   give 
regular  sparks  up  to  2  cm.  long;  their  frequency  was  about  25  per 
second. 
G.    Spark  gap,  usually  2  mm. 
PGP'  was  204  cm.  measured  along  the  semicircle.     The  wires  PG,  GP'  were 
2  mm.  diameter. 
PP'.     Condenser  plater  of   zinc  40  cm.   diameter  to  form  the  ends  of  the 

Hertzian  primary  oscillator. 
SS'.    Similar  plates  at  a  distance  of  30  cm.  from  F  and  P^  and  forming  the 
beginning  of  the  long  secondary  which  consists  of  copper  wires  about 
1  mm.  diameter.    Those  parts  shown  dotted  in  the  figure  were  set  up 
in  the  corridors  adjoining  the  laboratory.     Witli  the  above  dimensions 
waves  ^  mm.   long  were  produced,  their  frequency  being  about  33 
millions  per  second. 
AA'  »  BB'  s  CC  ==:  DD'  »  8  cm.    This   distance  was  maintained  throughout 
the  secondary   by  pieces  of  dry  wood  at  intervals  of  about  2  or  S 
metres. 
"liCB'C.    The  abnormal  (or  altered)  part  of  the  secondary  used  to  produce  the 
reflexion  and  interference  phenomena. 
MM'.     The  middle  of  the  abnormal  part. 

££^  The  electrometer.  The  needle  is  uncharged :  it  therefore  turns  in  the 
some  direction  whenever  there  is  any  potential  difference  between  E 
and  £',  whatever  the  sign  of  that  difference.  The  needle  was  sus- 
pended by  a  quartz*fibre,  and  gave  (though  uncharged)  a  deflexion  of 
about  85  scale  divisions  when  the  electrometer  was  connected  to  a 
battery  of  10  Daniell's  cells.  In  using  the  electrometer  for  the 
electric  waves  first  throws,. not  steady  deflexions,  werQ  always  read.  . 
DD^  Wire  bridge  across  the  main  wires. 
FH  a  HB  B  £D  s=  a  quarter  of  a  wave-length. 

Hence,  as  the  length  of  the  abnormal  part  is  gradually  increased, 
ihe  total  energy  of  the  reflected  waves  is  thereby  periodically  in- 
creased and  decreased.  It  was  thus  seen  that  the  length  of  the 
abnormal  part  of  the  secondary  corresponds  to  the  thickness  of  the 
air  film  in  the  optical  phenomena  known  as  Newton*s  Rings,  and 
that  the  reflexions  of  the  electrical  waves  at  i\iQ  beginning  and  end 
of  the  abnormal  part  correspond  respectively  to  the  reflexions  of  light 
at  the  first  and  second  faces  of  the  air  film. 

For  the  experiments  now  to  be  described  the  results  of  the  mathe- 
matical theory  previously  developed*  are  as  follows  :— 

*  Loc,  cit,f  aquations  (13),  p.  90,  and  equations  (1&),  p.  9^. 
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(1.)  For  tbe  single  refiesnon  at  the  beginning  of  the  abnormal  part. 
Let  the  amplitade  of  the  original  wave-train  be  a,  and  that  of  the 
reflected  one  be  a&,  then 

'=-^ •■ «• 

where  r  is  the  ratio  of  the  electrostatic  capacity  of  nnit  length  of  the 
abnormal  part  of  the  seoondary  to  that  of  its  normal  parts. 

(2.)  For  the  interference  of  the  ware- trains  proceeding  firom  the 
beginning  and  end  of  the  abnormal  part  of  the  secondary. 

Let  the  incident  wave-train  be 

0  =  ae-^+«i*  sin  (^^— ^iflj)   (2), 

where  0  denotes  electrostatic  potential,  a/a^  =  pjPi  =  Vj,  the  velocity 
of  propagation  of  the  waves,  and  a,  a  and  p  are  constants  depending 
respectively  upon  the  amplitude,  the  primary  damping  and  the  fre- 
quency. 

Let  the  energy  of  the  wave-train,  when  incident  upon  the  beginning 
of  the  abnormal  part  (BB'  fig.  1)  be  i,  let  it  be  the  total  energy  of  all 
waves  transmitted  through  the  abuormal  part,  and  let  ip  be  that  of 
all  the  waves  returned  along  6A  after  one  or  more  reflexions  at  C. 
Then 


'''   -U; 


where 

U  =  Lzi'    o«.-«/>//3)8in/3MM;o8^^-^6^ 
1  -h  6»  '  1  - 26*e-*^  cos  pU  -f  h^e  "^ 


k3). 


and  ti  denotes  the  time  occupied  by  the  waves  in  twice  traversing 
the  length,  BC,  of  the  abnormal  part  of  the  secondary. 

Approximate  Thbobt  of  Disturbances. 

Thus  far,  then,  we  have  dealt  only  with  a  single  incidence  of  the 
wave-train  upon  the  abnormal  part  of  the  secondary,  and  have  found 
expressions  for  the  two  trains  thereby  produced.  But  in  order  to 
represent  more  completely  what  occurs  with  the  apparatus  arranged 
as  in  fig.  1,  it  is  further  necessary  to  trace  the  history  of  the  two 
wave-trains  to  which  the  original  one  thus  gives  rise. 

Jf  the  reflected  wave-train  were  quickly  extinguished  and  never 
again  reached  the  plates,  SS'  fig  1,  and  if  the  transmitted  wave- train 
after  passing  the  electrometer,  and  thus  giving  the  deflexion  by  whicli 
it  is  measured,  were  also  quickly  extinguished  without  again  reach- 
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ing  the  abnormal  parfc  CB,  then,  and  then  onlj,  "wonld  the  theory 
liitherto  developed  saffice.  Clearly,  however,  these  conditions  are 
not  fulfilled. 

On  the  contrarj,  the  waves  go  to  and  fro  along  the  secondary, 
safEering — 

(a)  Total  reflexion  with  reversal  of  electrification  at  the  short  cir- 

cnited  end  DD'  (fig.  1), 
(^)  Total  reflexion  without  reversal  of  electrification  at  SS',  and 
(7)  Partial  refiexion  and  partial  transmission  at  each  incidence  on 

the  abnormal  part  BC. 

We  have,  thus,  a  case  of  binary  fission  at  each  incidence  of  a  train 
on  the  abnormal  part,  each  snch  fractional  train  returning  to  the  ab- 
normal part  to  be  further,  in  like  manner,  subdivided.  Theoretically, 
this  process  continoes  ad  infinitum. 

From  these  considerations  it  may  easily  be  iuf erred  that,  to  avoid 
hopeless  confusion,  the  distance  from  the  abnormal  part  to  either  end 
of  the  secondary  must  exceed  half  the  length  of  the  train  of  electrical 
waves,  or  in  symbols  : — 

SB>  JX  and  CB>iX (A), 

where  X  is  the  effective  length  of  the  wave-train,  and  the  other 
letters  refer  to  fig.  1. 

It  was  also  found  necessary  to  avoid  placing  the  abnormal  part 
midway  between  the  two  ends,  S  and  D,  of  the  secondary.  For,  in 
that  case,  the  two  sets  of  waves  respectively  reflected  at  and  trans- 
mitted through  the  abnormal  part  would,  after  travelling  to  opposite 
ends  of  the  secondary,  again  meet  at  the  middle  and  interfere  with 
eaoh  other.  This  disturbance  was  sufficiently  obviated  by  fulfilling 
the  condition — 

(SM-MD)>iX (B). 

Bat  when  conditions  (A)  and  (B)  are  both  fulfilled,  there  is  still  a 
residual  disturbance.  For,  although  the  electrometer  is  placed  to 
receive  the  systems  transmitted  through  the  abnormal  part,  it,  in 
consequence  of  their  repeating  coursings  to  and  fro,  actually  receives 
alBo  feebler  systems  of  reflected  waves. 

Thus,  let  the  fraction  of  incident  wave-energy  transmitted  by  the 
abnormal  part  be  t,  and  let  the  ratio  of  the  electrometer  readings  with 
and  without  the  abnormal  part  be  t',  then  the  author  has  shown  that 
r*  is  approximately  given  by  the  equation 

»  ^^     1— g|ga /^\ 

(1— «i)  (1  — *2)+t(«i-|-«»— 2«i«j) 

where  Si  and  St  express  the  attenuation  of  energy  suffered  by  the 
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vaves  in  passing  along  lengths  of  the  secondarj  eqaal  respectively  to 
twice  SM  and  twice  MD  (fig.  1). 

t'  is  always  a  little  greater  than  t  except  in  the  limiting  cases 
where  t  =  0  and  t  =  1.  Thus,  the  experimentally-determined  ratio 
needs  a  negative  correction.  This  is  easily  applied  by  graphical 
methods. 

Now,  since  t  is  a  function  both  of  t  and  of  the  attenuation  (or 
secondary  damping)  it  becomes  necessary,  in  order  to  utilise  Equation 
(4),  to  estimate  the  value  of  this  damping. 

The  theory  of  one  method  devised  for  this  purpose  is  as  follows  : — 

Suppose  the  arrangement  of  apparatus  shown  in  fig.  1  to  be  modi- 
fied thus.  Let  the  1-mm.  diameter  copper  wires  be  continued  beyond 
DD'  for  some  distance,  and  after  that  let  the  wires  for  a  fortber 
length  be  of  iron  of  0*1  mm.  diameter.  Also  let  the  bridge  shown  at 
DD'  be  movable  and  capable  of  being  placed  at  pleasure  anywhere 
beyond  the  electrometer. 

And  consider,  first,  the  changes  in  the  electrometer  throws  as  the 
bridge  is  moved  from  the  electrometer,  but  still  always  upon  the 
copper  wires.  Let  the  electrometer  throws  be  plotted  as  ordinates, 
and  the  distances  of  the  bridge  from  the  electrometer  as  abscissie. 
Then,  for  positions  of  the  bridge  immediately  beyond  the  electro- 
meter the  curve  so  obtained  is  conspicuously  wavy,  and  continues 
sensibly  so  for  a  distance  equal  to  half  the  appreciable  length  of  the 
wave-train.  This  is  the  part  corresponding  to  the  curve  shown  by 
V.  Bjerknes  (*  Wied.  Ann.,'  vol.  44,  p.  622,  1891),  and  is  dae  to  the 
interferences  between  the  wave-trains  advancing  towards  and  re- 
flected from  the  bridge  DD'.  Beyond  this  part,  whatever  the  rate 
of  decay  of  the  waves,  we  have  a  continuous  droop  in  the  curve.  The 
exact  form  of  the  curve  depends,  in  part,  upon  this  decay,  and  the 
ordinate  of  the  asymptote  to  the  curve  may  be  shown  to  be  a 
simple  function  of  <r( where  6~*^  is  the  law  of  decay  of  the  amplitude 
of  the  waves). 

Let  the  distance  SE  (fig.  1)  be  L,  and  let  yx  be  the  ordinate  of  the 
curve  at  the  point  whose  abscissa  is  x^  the  ordinate  at  the  origin  being 
unity.     Then  we  have  for  the  equation  of  the  curve — 

y'  = 1 l^e-ML+x) ^^>' 

and  for  that  of  its  asymptote — 

y-  =  Ki-«-*"') f6). 

The  ratio  y^  is  difficult  to  determine  if  the  copper  wires  only 
are  used,  but  with  the  thin  iron  wires  the  electrometer  thrown 
rapidly  fall  ofE  to  their  minimum  value,  and  thus  y^  is  readily  ob- 
tained as  desired. 
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The  chief  ezperimente  made  will  b 
order: — 


vbe  dealt  with  in  the  following 


(1.)  ITndeaired  int«rCerencea  of    separate    wave-trains.      Bzpen- 

menta  I — III. 
(2.)  Extimate  of  rate  of  decay  of  waven.     Experiment  17. 
(3.)  Analogy  to  Newton's  rings  by  transmission  under  improved 

conditions.     ExperimentB  Y  and  VI. 

(4)  Analogy  to  Newton's  rings  by  reflexion.     Experiment  VII. 

(5)  Abnormal  parts  which   prodnce   no  reflexion.      Experiments 
VIII  and  IX. 


Experiment  I. — Undenred  Inler/erence*  of  Diettnet  Wave-2Vaitu  rimvl- 
taneoutly  reflected  at  and  trantmitled  through  the  Abnormal  Part  oj 
tk«  Secondary. 

To  investigate  this  question  the  arrangement  of  apparatus  shown 
ia  fig.  1  was  adopted.  Tbe  abnormal  part  consisted  of  a  single  pair  of 
tinfoil  sheets  each  50  om.  long  and  32  cm.  deep,  the  two  being  hung 
immediately  opposite  each  other,  one  on  each  wire  of  the  secondary. 
The  total  length,  SAD,  of  the  secondaiy  was  162  m.,  the  distance 
SAM  was  varied  from  75  m.  to  90'5  m.  by  steps  of  05  m.  each. 
Electrometer  readings  with  and  without  the  sheets  were  taken  alter- 
nately in  order  to  eliminate  the  possible  errors  due  to  irregular  work- 
ing of  the  primary  sparks.  The  observations  taken  are  shown  in 
Table  I. 

The  result  is  graphically  exhibited  in  the  curve,  Sg.  2. 

Fio.  S. — Curre  (ht^iag  UDdewred  IntBrfaranca. 


Otatanott  ^  mUdU  iff  UnJiU  ihtts  /ram  b*ginning  e/  Sicendary. 


Experiment  II, — Interferences  as  in  Experimeitt  I,  hut  with  Thin  Iron 
Wirei  at  the  end  of  the  Secondary. 

Various  experiments  were  made  with  tbe  seoondary  lengthened 
afaont  70  mm.  by  the  addition  of  thin  iron  wires,  in  the  hope  that  they 
would  absorb  all  the  incident  waves  and  thns  do  away  with  their 
repeated  courtings  and  consequent  interferences.     Tbe  result  was  an 
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Table  I. 


Electrometer  throws. 

Baiiosof 

Without  abnormal  part. 

Distances 

throws,  i.e.^ 

X 

With 

SAM,  fig.  1. 

quotients  of 

abnorntal 

cols.  8  and  2. 

Actual 

Interpolated 

part. 

1 

observations. 

means. 

27-7 

25-8 

11-2 

75    m. 

0*43 

23-8 

26-8 

11-1 

75*5 

0-41           i 

29-7 

27 -C 

12  0 

76 

0-43 

25  6 

26-0 

17  1 

76-5 

0*66 

26*4 

29-2 

16  0 

77 

0-55 

82  a 

32  2 

12*8 

77  5 

0-40 

32*5 

32  2 

10-8 

78 

0*34 

82  0 

81-8 

14*4 

78-5 

0-45 

31-6 

•    28-8 

15 -8 

79-5 

0*55 

26-1 

27-7 

16 -6 

80 

0*60 

20-4 

31-6 

9  0 

80-5 

0*29 

33-6 

33-6 

13-2 

81 

0*39 

88-6 

31 -4 

19  0 

81-5 

0*55 

35-2 

85-0 

19-4 

82 

C'65 

34-7 

34  0 

16-3 

82*5 

0-48 

33  1 

32  7 

12-8 

82-8 

0*39 

82-8 

33  6 

15-6 

83*5 

04A           i 

35*0 

83*4 

18-0 

84 

0*51 

31-8 

81*4 

20-5 

84*5 

0-65 

31-0 

32-6 

14-8 

85 

0-44 

84  0 

38*1 

16-7 

85*5 

0-47 

32-2 

33-1 

18-4 

86 

0*56 

34-0 

33*4 

17-3 

86-5 

0*52 

32-8 

31  1 

14-8 

87 

0-47 

29-4 

32-5 

30-6 

15-9 

87-5 

0*52 

28-7 

27  15 

13-9 

88 

0-61 

25-7 

20  6 

8-7 

88-5 

0-42           , 

15-5 

1 

30-3 

30-4 

16-2 

89 

0-53 

30-6 

29-6 

15  1 

89-5 

0*51 

28-6 

27-4 

14-6 

90 

0-53 

20-3 

25-8 

18  7 

90  5 

0*58 

25-3 

undulating  curve  whose  ordiiiates  lay  between  thelimita  0*51  and  0*36. 
Thus  the  extreme  valaes  of  the  ordinates  differed  from  their  mean 
yalne  by  about  17^  per  cent,  of  the  latter.  The  electrometer  throws, 
however,  wore  now  reduced  to  about  one- third  of  their  former  value. 
This  was  owing  to  the  continuation  of  the  wires  so  far  beyond  the 
electrometer  instead  of  their  termination  by  a  bridge  distant  only  a 
quarter  wave-length  from  it.  It  seemed,  therefore,  that  the  iron  wirtii 
did  more  harm  than  good,  and  they  were  accordingly  abandoned  ia 
favour  of  the  arrangement  described  in  the  next  experiment. 
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Experiment  III. — Search  for  Interferences  as  in  Experiment  I,  hut  with 
the  Abnormal  Part  away  from  the  middle  of  the  Secondary. 

Ab  the  oaicome  of  Experiment  II  the  theory  reenlting  in  condition 
(B),  p.  71  y  was  developed,  and  the  present  experiment  tried  in 
accordance  therewith.  The  effeotiye  length  of  tlie  ware-train  was 
experimentally  found  to  be  about  70  m.  Hence,  to  fulfil  (B)  it  was 
necessaiy  to  make  (SAM  -^  MD)  >d5  m. 

The  apparatus  shown  in  fig.  1  was  then  arranged  thus:  SAD  = 
164  m.  SAM  yaried  from  95*25  m.  to  105*75  m.,  and  electrometer 
throws  were  taken  alternately  with  and  without  a  pair  of  tinfoil  sheets 
aa  in  Experiments  I  and  II. 

This  experiment  was  performed  twice  and  the  mean  result,  when 
plotted  as  in  Experiment  I,  gave  a  curve  undulating  between  the 
limiting  ordinates  0*55  and  0*46.  Thus  the  extreme  values  of  the 
ordioates  differed  from  their  mean  value  by  about  9  per  cent,  of  the 
latter. 

It  is  thus  seen  that,  although  the  straight  line  hoped  for  was  not 
obtained,  yet  this  curve  is  leas  wavy  than  either  of  the  two  previous 
ones.  And  since,  also,  this  arrangement  yields  the  maximum  effect  at 
the  electrometer,  it  was  adopted  in  the  experiment  for  the  analogy  to 
Newton's  rings  by  transmission  hereafter  described. 

Experiment  TV. — Estimate  of  the  Bate  of  Decay  of  the  Waves  in  their 

Advance  along  the  Secondary. 

The  arrangement  of  the  apparatus  adopted  for  this  determination 
has  already  been  described  under  the  headings  of  Theory  (p.  72). 
In  this  experiment  the  droop  of  the  curve  sought  was  expected  to  be 
Yery  slight.  Consequently,  for  the  sake  of  accuracy,  each  point  of 
the  curve  was  detennined  by  twenty-one  electrometer  readings.  Six 
sets  of  observations  were  made  with  SAE,  fig.  1,  s  160  m.  They 
yielded  a  curve  whose  asymptote  was — 

y^o  ==  ^'34 ;  whence  we  obtain 

<r  =  00018 (7). 

A  second  senes  of  observations  with  SAE  =  91*5  m.  afforded  the 
values  y^  =  0*31  and 

tf=  00029 (8). 

Experiment  V. — Analogy  to  Newton's  Bings  hy  Transmission  under  best 

Conditions. 

This  experiment  was  made  with  exceptional  care,  as  it  is  the  chief 
one  of  the  series*    Most  of  the  others  either  served  to  indicate  the 
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conditions  adopted  in  this  one  or  were  in  other  ways  sabsidiarj  to  it. 
The  construction  of  the  abnormal  part  was  snch  as  to  reflect  a  large 
fraction  of  the  wave-energy  incident  upon  it.  Its  position  was  so 
chosen  as  to  avoid  the  interferences  of  higher  order  already  noticed. 
Thus  the  true  effect  sought  was  large,  the  disturbing  ones  small.  The 
arrangement  of  the  apparatus  is  shown  in  fig.  1.  The  details  are  as 
follows. 

The  abnormal  part  consisted  of  tinfoil  sheets  each  32  cm.  deep  and 
50  cm.  long.  These  were  hung  opposite  each  other  upon  the  two 
wires  of  the  secondary.  Lest  a  shift  of  the  middle  point  of  the  sheets 
along  the  wires  might  have  a  slight  disturbing  effect  on  the  electro- 
meter throws,  the  abnormal  part  was  always  lengthened  or  shortened 
by  the  same  amount  at  each  end^  thus  leaving  the  middle  point  21 
undisturbed.  The  length  SAM  was  throughout  the  experiment 
101  m.,  MD  being  63  m.*  so  as  to  comply  with  condition  (B).  The 
tinfoil  sheets  were  kept  properly  spaced  by  very  accurately  cut  wood 
separators,  one  for  each  half  metre's  length  of  the  sheets.  The  same 
separators,  but  at  longer  intervals,  were  used  throughout  the  line. 
The  vertical  edges  of  consecutive  sheets  were  made  to  overlap  about 
2  cm.  and  allowed  to  hang  in  simple  contact. 

Lest  this  contact  should  be  insufficient  and  so  involve  an  error,  the 
sheets  were  built  up  in  this  way  to  a  length  of  2*25  m.  (a  quarter  of  a 
wave-length),  and  the  ratio  determined  of  the  wave-energy  trans- 
mitted by  it  to  that  incident  upon  it.  Then  an  abnormal  part,  con- 
sisting of  zinc  plates  soldered  together  was  substituted,  and  the 
fraction  of  wave-energy  transmitted  again  determined.  In  each  case, 
to  insure  accuracy,  twenty-one  electrometer  readings  were  taken 
alternately  with  and  without  the  abnormal  part.  The  two  ratios 
thus  determined  were : — f 

(1)  For  the  tinfoil  sheets 0135  ±  0'007 

(2)  For  the  zinc  plates  soldered 0-135  ±  0*002 

Hence  this  apparently  imperfect  contact  seemed  sufficient  for  the 
case,  and  was  adopted  in  the  main  experiments  now  under  considera- 
tion. A  spark  gap  of  2  mm.  was  used  throughout  both  in  the  experi- 
ments just  described  and  in  what  now  follows. 

The  method  of  taking  the  observations  so  as  to  eliminate  the 
possible  errors  due  to  the  irregularities  in  the  sparking  of  the  primary 
was  as  follows.     Several   electrometer  throws  were  taken,  at  first 

*  When  making  the  corresponding  experiment,  described  in  the  former  paper 
p.  96,  SAM  was  taken  equal  to  MD.  I  had  not,  up  to  then,  seen  that  it  was 
desirable  to  avoid  that  arrangement. 

t  The  probable  errors  were  calculated  by  the  formulas  given  in  KohlrauBch'a 
*  Leitfaden  der  Praktischen  Fhjsik,'  Leipsig,  1892,  pp.  1—3,  and  proved  in  Dr.  B. 
Weinstein's  *  Handbuch  der  FhjBikalischen  Moassbestimmungeii/  toU  L 
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without  anj  tinfoil  sheets  on  the  wires,  then  a  couple  of  readings 
with,  saj,  two  sheets  on  each  wire ;  then  two  readings  with  four 
sheets  on  each  wire,  and  so  forth.  After  the  ahnormal  part  had  thus 
been  built  up  to  a  considerable  length,  it  was  then  in  like  manner 
shortened,  two  readings  being  taken  for  each  length,  concluding  with 
several  readings  without  any  sheets  at  all  on  the  wires.  The  whole 
process  was  carried  out  four  times,  the  lengths  used  in  the  various 
cases  being  varied  so  as  to  obtain  eight  electrometer  readings  for 
each  half  metre's  length  of  the  abnormal  part.  Thus,  in  the  first  and 
third  sets  of  observations,  the   lengths  of  the   abnormal   part  were 

approximately  0,  1  m.,  2  m.,  3  m 3  m.,  2  m.,  1  m.,  0 ;  whereas, 

in  the  second  and  fourth  sets,  the  lengths  were  about  0,  0*5  m.,  1'5  m., 
2*5  m 25  m.,  15  m.,  0*5  m.,  0. 

A  single  set  of  readings  up  to  nearly  7  m.  length  of  abnormal  part 
is  given  in  Table  II.  During  the  process  of  lengthening  the  abnormal 
part-  the  ratios  are  obtained  by  taking  for  the  divisor  the  initial  mean 
throw  without  abnormal  part,  whereas,  daring  the  shortening,  the 
like ^^naZ  value  is  used  as  the  divisor.  Hence  the  double  values  for 
the  ratio  corresponding  to  the  length  6*72  m.  The  last  column  of 
the  table  contains  the  mean  of  the  ratios  during  lengthening  and 
shortening. 

The  kind  of  agreement  obtained  by  the  four  sets  of  observations  is 
shown  by  the  two  curves  in  fig.  3.     In  these  curves  the  abscissae 
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Fio.  3. — Preliminary  Curves  from  Experiment  V. 
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represent  the  lengths  of  the  abnormal  part.  In  the  upper  curve  the 
ordinates  represent  the  lengths  of  the  abnormal  part.  In  the  upper 
curve  the  ordinates  represent  the  mean  ratios  of  the  throws  obtained 
in  the  first  and  third  sets  of  observations  witli  and  without  the 
abnormal  part.  The  ordinates  of  the  lower  curve  give  the  values  of 
the  same  ratios,  as  obtained  from  the  second  and  fourth  sets  of 
readings. 
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Table  11. 


Electrometer 
throws. 


40-8 
51-8 
86-2 
46-2 
39-2 


13-9 
12-6 


6-7 

5-8 


5-8 
6-2 


16-9 
17-9 


17-9 
17-9 


9-6 
9-5 


6-7 
6-6 


9*0 
8-9 


16-2 
15-9 


14-0 
14-2 


5-6 
5-6 


5-7 
5  9 


11-8 
10  3 


38*4 
34-3 
40-7 
30-2 
40*4 


Mean 
throwB. 


42-8 

13*2 

5*8 

6  0 

17-4 

17-9 

9-6 

6-6 

9  0 

lG-0 

14-1 

5-6 

5-8 

11-0 


Length  of  the 
abnormal  part. 


38  0 


m. 

0  00 

0-97 

1-93 

2-89 

8-86 

4-80 

5-76 

6-72 

5-76 

4  80 

3-85 

2-89 

1-93 

0-97 

Ratio  of  throws 
with  k  without  it. 


1-00 
0-31 
0  135 
0  14 
0-41 
0*42 

0*224 

ro-154  1 
10 -174  J 

0-24 
0-42 
0-37 
0  15 
0  15 
0-29 


0  00 


100 


Mean. 

ratios. 


1-00 

0-ao 

0-14 

0  145 

0  39 

0-42 

0-23 

0*164 

0-23 

0-42 

0-39 

0-145 

0-14 

O'dO 


1-00 
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The  process  was  afterwards  coutinaed  from  this  point  onwards  to  a 
length  of  9'5  m.  The  final  mean  reSQlt  of  the  entire  experiment  is 
shown  in  the  cnrre  E,  fig.  4. 

Via.  4. — Analog;  to  Hewton't  Bing*  bj  TmiuiaiMiQii. 
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Experimefit  VL — Analogy  to  Newton's  Rings j  as  in  Experiment  F,  hut 

with  different  Abnormal  Part, 

In  this  experimeut  the  lengths  of  SAD  and  the  position  of  M  were 
precisely  as  in  Experiment  V.  The  abnormal  part,  however,  con- 
sisted simply  of  the  ordinary  wires,  but  put  closer  together  there 
than  elsewhere,  namely,  ()'68  cm.  apart  instead  of  8  cm. 

The  electrometer  readings  were  taken  thus : — First,  with  no  ab- 
normal part;  next,  with  one  of  0*5  m.  long;  again  with  no  abnormal 
part,  then  with  one  1'5  m.  long,  and  so  forth.  The  readings  with 
and  without  the  abnormal  part  were  always  alternated,  and  the  ratios 
of  the  throws  taken  as  in  Experiments  I — III. 

The  result  of  this  set  of  observations  is  graphically  exhibited  in  the 
curve  E,  fig.  5.     The  abscisssd  represent  ihe  lengths  of  the  abnormal 


Fio.  6. — Second  Case  of  Analogy  to  Newton's  Rings  by  Transmission. 
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part,  and  the  ordlnates  the  ratios  of  the  electrometer  throws  with  to 
those  without  it. 


Experiment  VII. — Analogy  to  Newton's  Rings  by  Beflexion, 

In  this  experiment  the  arrangement  of  apparatus  shown  in  fig.  1 
was  modified  by  removing  the  electrometer  from  EE'  and  inserting  it 
at  HH',  where  HB  is  a  quarter  of  a  wave  s  length.  Throughout  the 
experiment  the  lengths  were  as  follows  : — 

SAD  =  235  mm.,  SAB  =  164  mm. 

The  abnormal  part  was  of  tinfoil  sheets,  32  cm.  deep  and  50  cm. 
long,  precisely  as  in  Experiment  V,  while  the  end  BB'  remained  fixed, 
the  length  BC  was  varied  from  nothing  to  6  m.,  advancing  by  steps 
of  half  a  metre. 

The  electrometer  throws  were  taken,  first  with  a  bridge  at  BB', 
then  without  the  bridge  but  with  an  abnormal  part  consisting  of  a 
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single  pair  of  tinfoil  sheets,  next  with  the  bridge  at  BB',  then  again 
frithont  the  bridge  but  with  an  abnormal  part  of  two  pairs  of  sheets, 
su[id  so  forth,  the  readings  with  and  without  bridge  being  always 
alternated. 

The  result  is  plotted  in  the  curve  shown  in  fig.  6,  the  lengths  of 

FiO.  6. — Analogy  to  Newton's  Rings  by  Reflexion. 
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the  abnormal  part  being  taken  as  abscisssd,  and  the  ratios  of  electro- 
meter throws  as  ordinates. 

On  this  curve  two  apparently  anomalous  humps  may  be  noticed  in 
the  neighbourhood  of  1*5  m.  and  5*5  m.  lengths  of  the  abnormal 
part.  These,  however,  are  not  due  to  errors  of  observation ;  for,  on 
carefully  repeating  the  experiment  in  these  regions  the  first  results 
were  confirmed,  as  shown  by  the  double  dots  made  at  those  places. 

A  few  readings  were  also  taken  with  the  above  general  arrange- 
ment, but  an  abnormal  part,  consisting  of  the  ordinary  wires  nearer 
together,  just  as  in  Experiment  YI.  It  was  thus  found  that  the 
electrometer  throws  were  about  three  times  as  great  with  an  ab- 
normal part  a  quarter- wave  long  as  with  one  a  half-wave  long. 


Experiment  VIII. — An  Ahiormal  Part  which  Produces  no  Reflexion, 

Having  thus  far  experimented  with  the  desired  interference 
phenomena,  and  discussed  the  various  disturbances  involved,  it  now 
seems  of  interest  to  notice  particular  forms  of  the  abnormal  part 
which  reflect  no  portion  of  the  wave-energy  incident  upon  them. 
This  and  the  following  experiment  were  tried  as  tests  of  the  truth  of 
the  theory  for  a  single  reflexion. 

However,  to  establish  the  entire  absence  of  reflexion  would  be  very 
difficult  with  the  single-needle  electrometer  previously  used,  because 
the  slightest  irregularity  of  the  primary  sparking  might  be  mistaken 
for  the  efEect  of  reflexion.  And  no  repetition  of  observations,  however 
extended,  would  justify  the  conclusion  that  the  energies  tran&mittx^ 

YOL.  LVII.  Qt 
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with  and  without  the  abnormal  part  were  absolatelj  eqnid.  It 
became  expedient,  therefore,  to  use  an  electrometer  which  gave  de- 
flexions only  when  reflected  waves  were  present.  Such  an  instm* 
ment  was,  fortunately,  readj  to  hand  in  the  differential  electrometer 
used  and  described  by  Dr.  von  G^itler,*  and  kindly  left  by  him  for 
my  ose. 

In  this  form  of  electrometer  two  needles,  rigidly  connected  with 
each  other  and  hanging  upon  the  same  qnartz  fibre,  are  employed. 
One  of  these  experiences  a  right-handed  torque,  owing  to  attach- 
ments at  one  pair  of  points  on  the  secondary,  whenever  these  points 
have  a  potential  difference  of  either  wgn,  while  the  second  needle^ 
under  like  conditions,  experiences  a  left-handed  torque,  owing  to 
attachments  at  a  second  pair  of  points  on  the  secondary,  and  distant 
a  quarter  of  a  wave's  length  from  the  first  pair.  Thus,  when  the 
instrument  'is  properly  adjusted,  the  mere  passing  of  a  wave-train 
leaves  the  needles  undisturbed. 

If,  however,  reflexion  is  by  any  means  produced  near  the  electro- 
meter, so  that  it  is  in  a  region  of  standing  waves,  it  may  give  a 
throw. 

The  arrangement  of  apparatus  adopted  may  be  seen  from  inspec- 
tion of  fig.  1,  which  was  modified  by  the  removal  of  the  single-needle 
electrometer  from  EE',  and  the  insertion  of  the  differential  electro- 
meter at  FF'  HH'.  The  first  needle  was  influenced  by  attachments 
to  F  and  F',  and  the  second  by  attachments  to  H  and  H'.  The  main 
wires  between  the  first  and  second  pairs  of  points  were  led  in  a  loop, 
so  that  they  first  passed  the  electrometer  at  FF',  and  a  second  time  at 
HH'.  Thus,  all  the  attachments  between  the  main  wires  and  the 
electrometer  were  quite  short. 

The  wires  in  the  normal  part  of  the  secondary  were  0'116  cm. 
diameter.  The  abnormal  part  consisted  atso  of  copper  wires,  and 
were  in  this  experiment  0'019  cm.  diameter,  and  2*25  m.  long. 

These  were  tried  at  two  distances  apart,  namely,  1  cm.  and  1*5  cm. 
The  electrometer  throws  in  these  cases  were  — 1*8  and  +0*6  scale 
divisions  respectively.  Whence,  by  interpolation,  we  have  1*37  cm. 
nearly,  as  the  distance  apart  at  which  these  wires  would  yield  no 
reflexion.  The  electrometer  throw  with  a  bridge  atBB'  was  twenty- 
four  scale  divisions. 

Experiment  JX, — A  Second  Example  of  no  Beflexion  from  an  Abnormal 

Fart, 

In  this  experiment  everything  was  the  same  as  in  the  preceding 
one,  except  that  the  abnormal  part  consisted  of  wires  thicker  and 
wider  apart  than  the  rest  of  the  line,  instead  of  being  thinner  and 

•  Wiedemann's  *  Annalen,*  vol.  49,  pp.  188—189, 1893. 
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nearer  together.     The  wires  in  question  were  0*55  cm.  diameter,  and, 
when  placed  at  ^  cm.  apart,  there  was  practically  no  reflexion. 

GOMPABISON  OF  ThKOBT  AND   EXPERIMENT. 

It  now  becomes  of  interest  to  compare  the  results  of  Experiments 
y  to  IX  with  the  theories  advanced  concerning  them. 

In  Experiment  V  we  have  the  capacity  per  unit  length  of  the 
normal  part  in  electrostatic  units  approximately  given  by 
1/(4  logc  c{/tr),  where  d  is  the  distance  between  the  centres  of  the 
wires  and  w  their  radius.  For  the  abnormal  part,  without  any  cor- 
rection for  the  edges,  we  have  capacity  per  unit  length  equals  D/4Tt2, 
where  D  is  the  width  of  the  tinfoil  sheets.  Now  d  was  8  cm.,  w  was 
O05  cm.  nearly,  and  D  32  cm.  Thus  we  obtain  for  r,  the  ratio  of  the 
capacities,  6*5  nearly.  If,  however,  in  estimating  the  capacity  of  the 
abnormal  part,  a  correction  for  the  edges  is  made,  we  obtain  values 
of  r  ranging  up  to  8  or  9,  according  to  the  length  of  the  abnormal 
part  nnder  consideration,  and  the  formula  used  for  the  correction. 

Taking  as  a  typical  case  the  length  of  abnormal  part  to  be 
2*25  m.,  on  which  special  experiments  were  made,  and  correcting  for 
the  edges  by  the  approximate  formula  given  by  Professor  Kohlrausch* 
we  obtain  r  =  9,  nearly.     Whence,  from  equation  (1),  h  =  —0*8. 

It  will  be  seen  from  the  equations  (3)  that  it  is  further  necessary  to 
know  the  constants  a  and  /3.  These  were  determined  by  experiments 
similar  to  those  previously  devised  and  carried  out  by  Y.  Bjerknes.f 

In  ray  case,  however,  the  electrometer  readings  were  alternated 
with  the  bridge  at  the  variable  distance  Xj  and  at  the  quarter  wave- 
length distance  beyond  the  electrometer.  A  spark  gap  of  2  mm.  was 
usod  throughout. 

Thus  were  obtained  for  the  electrical  waves  advancing  along  the 
wires,  the  wave-length  Xi  =  9  m. ;  and  for  the  constant  involving  the 
primary  damping,  we  have  71  =  2?ro//3  =  0*524,  or  say  71  =  0*6  nearly. 

Then,  assuming  that  the  velocity  of  propagation  of  the  waves  along 
the   wires  is   practically    that  of   light  in    air,^  we    obtain,    from 

*  '  Leitfaden  der  praktiBchen  Phjsik,'  Leipzig,  1892,  p.  367. 
t  Wiedemanu's  '  Annalen/  toI.  44,  pp.  519—522, 1891. 

X  This  is  known  to  be  the  case  from  yarious  experiments,  and  also  from  theo* 
retical  considerations.    See,  for  example : —         ^ 

(1.)  Professor  Hertz,  "  Ausbreitung  der  elektrischen  Kraft,"  Leipzig,  1892,  or 

the  English  translation  by  Professor  D.  E.  Jones,  B.Sc. 
(2.)  MM.    Sarasin    and    De  la    Bire,    'Archives  des  Sciences    Physiques    et 

Naturelles,'  toI.  29,  No,  5.    Gen^ye.    1893. 
<8.)  Professor  J.  J.  Thomson,  F.B.S.,  '*  Beoent  Besearches  on  Electricity  and 

Magnetism,"  pp.  279  and  451— -i67. 
(4.)  Piofetsor  OUyer  Lodge,  F.B.S.,  *  Phil.  Mag.,'  August  1888,  vol.  26,  p.  228  ; 

<  Bepoxt  Brit.  Assoc.,'  1888,  p.  567;  and  'Proo.  Boy.  Soo.,'  toI.  60,  pp. 

29—89. 
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\i  =  9  m.,  the  value  of  the  frequency,  namely,  /3/2ir  =  23^  millions 
per  second,  nearly. 

Fi'om  these  data  the  curve  T,  fig.  4,  is  plotted,  the  lengths  of  the 
ahuormal  part  heing  ahscisssa  and  the  corresponding  fractions  of  in- 
cident wave  energy  transmitted  heing  ordinates. 

It  is  thus  noticeable  that  the  theoiHjtical  curve,  though  of  simi- 
lar form,  lies  wholly  below  the  experimental  one.  If,  however, 
we  apply  to  the  latter,  a  correction  based  upon  Equation  (4)  and 
the  i-esults  of  Experiment  IV,  we  obtain  carves  which  lie  wholly 
below  the  theoretical  one.  One  such  is  shown  in  curve  C,  dg.  4,  in 
which  <r  is  taken  equal  to  0*0029. 

Thus,  while  the  comparison  of  theory  and  experiment  has  not 
resulted  in  the  establishment  of  an  exact  agreement  between  them,  it 
is  yet  so  far  satisfactory  to  notice*  that  the  three  curves  are  precisely 
similar  in  form,  and  that  the  theoretical  one  lies  entirely  between  the 
two  experimental  ones,  with  and  without  correction.  It  is  also  note- 
worthy that  Mr.  Yule,  in  his  recent  workf  on  "The  Passage  of 
Electrical  Wave-titiins  through  Layei'S  of  Electrolyte,**  found  a  dis- 
crepancy of  the  same  sig^  and  of  like  amount  between  the  experi- 
mental curve  and  the  theoretical  one. 

The  dotted  lines  above  and  below  the  main  curve  in  fig.  4  indicate 
the  limits  between  which  the  latter  lies.  These  limiting  lines  would 
be  horizontal  but  for  the  primary  damping  of  the  waves  emitted  by 
the  oscillator. 

We  thus  see  that  the  curve  in  the  neighbourhood  of  Xi/4  affords 
the  best  means  of  determining  b  when  it  is  nearly  unity.  For 
the  troughs  of  the  cui*^'e  are  broad,  and  therefore  the  curve  is  at  that 
part  for  some  distance  nearly  parallel  to  the  axis  of  the  abscissas.  Thns 
a  great  deviation  from  the  true  length  Xi/4  would  make  but  a  small 
one  in  the  corresponding  ordinate.  Secondly,  for  large  values  of 
h,  this  ordinate  is  but  very  slightly  affected  by  the  primary  damping. 
Hence  a  great  eiTor  in  the  measurement  of  a  makes  but  a  slight  one 
in  the  determination  of  h  from  this  part  of  the  curve.  Thus,  taking 
7i  =  0*5,  and  accepting  the  experimental  curve,  we  obtain  b  =  —0*71 
and  r  =^  6f  or  taking  the  experimental  curve,  with  correction,  as 
sliown  by  the  lower  line  in  fig.  4,  we  get  b  =  — 0*8  and  r  =  9.  And 
it  was  between  these  limits  6  and  9  that  r  was  calculated  to  lie. 

In  EicperimetU  VL — Since  the  same  wires  were  used  for  the 
abnormal  part  but  closer  together,  namely,  at  a  distance  d*  =  0*68 
cm.  instead  of  d  =  8  cm.,  we  have  for  the  ratio  of  capacities 

^  ll4\og{d'lw)  ^  log (8/005)      _ 

'         1/4 log  (/i/M?)         log  (0-68/005) 

*  Professor  Hertz  considered  the  agreement  between  experiment  and  theory  as 
close  as  was  to  be  expected. 
t  *  PhU.  Mag.,'  pp.  543—544,  Dec.  1893. 
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Thus,  by  Equation  (1)  we  obtain  h  =  —J.  From  this  yalue  of  h  and 
i^hoee  last  used  for  a  and  fi  we  derive  the  curve  shown  bj  T,  fig.  5. 

This,  as  in  the  case  of  Expenment  Y,  lies  wholly  below  the  experi- 
mental curve.  But  here,  again,  the  correction  to  the  experimental 
•carve  applied  in  accordance  with  Eqaation  (4),  and  the  higher  value 
of  a  from  Experiment  IV  yields  the  curve  C,  ^g,  5,  lying  still  lower 
than  the  theoretical  one. 

In  Experiment  VII. — It  may  be  seen  from  the  Equations  (3)  or  from 
general  considerations  that  the  total  intensity  of  the  reflected  waves 
must  be  complementary  to  that  of  the  transmitted  ones,  that  is  ^  +  ^ 
=  1.  Consequently  the  theoretical  curve  showing  p  as  ordinates 
instead  of  t  would  be  obtained  by  inverting  the  theoretical  one  for  i. 
Hence,  we  see  that  the  general  characteristics  of  the  curve  for  p  may 
be  thus  outlined  : — 

(1)  A  damped  wavy-formed  curve  with — 

(2)  narrow  troughs  at  Z  =  0,  X/2,  X,  &c.,  and 

(3)  broad  crests  at  Z  =  X/4,  3X/4,  Ac, 

"where  I  is  the  length  of  the  abnormal  part.  These  general  charac- 
istics  are  possessed  by  the  experimental  curve  obtained.  It  must,  of 
coarse,  be  borne  in  mind  that  the  ordinates  of  the  curve  thus  experi- 
mentally determined  do  not  represent  p,  but  represent  approximately 
ratios  proportional  to  1 4-/9,  since  we  have  both  tbe  reflected  and  the 
incident  waves  passing  the  electrometer.  On  this  account  the  wavy 
form  of  this  curve  is  less  strongly  marked  than  in  the  case  of  trans- 
mission. Probably  also  other,  and  undesired,  interferences  ai*ose 
between  the  on-coming  and  reflected  waves  in  the  neighbourhood  of 
the  electrometer,  thus  causing  the  two  anomalous  humps  at  I '5  m. 
And  5*5  m. 

In  Experiment  VIII — For  the  cases  to  which  Equation  (1)  applies 
we  see  that  thei'e  is  no  reflexion  when  r  =  I,  that  is,  when  no  change 
in  the  capacity  of  the  secondary  occurs.  Now  the  approximate 
expression  for  the  capacity  of  two  equal  parallel  cylindera  depends 
not  upon  their  absolute  but  upon  their  relative  dimensions  only. 
fience,  if  Equation  (I)  is  correct,  it  must  be  possible  to  arrange  a 
part  of  the  wires  in  a  form  which  appears  very  abnoi'mal,  but  yet  so 
AB  to  produce  no  reflexion.  We  have  simply  to  introduce,  at  any 
part,  thinner  wires  placed  proportionately  nearer  together  or  thicker 
ones  in  like  manner  further  apart.  Thus,  since  in  either  case,  the 
capacity  is  unaltered  by  the  change  in  question,  we  have  r  =  1,  and 
tbe  fraction  of  wave-energy  reflected  disappears. 

In  the  experiment  under  consideration  the  readings  taken  pointed 
to  the  distance  1*37  cm.,  from  centre  to  centre  of  wires,  as  being  that 
which,  with  the  wires  in  use,  would  give  no  reflexion.  Theory  gives 
as  the  correct  distance  1*32  cm.     Thus  the  discrepancy  is  not  great ; 
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in  fact,  it  may  perhaps  be  within  the  limits  of  the  errors  of  obserya- 
tion. 

In  Experiment  IX. — Here  theory  points  to  a  distance  apart  of  38  cm. 
^as  that  which  should  produce  no  reflexion.  The  experiment,  how- 
ever, gave  66  cm.  This  discrepancy  at  first  sight  appears  serious. 
When,  however,  it  is  noticed  that  in  the  case  of  cylinders  widely 
separated  a  very  great  further  increase  in  their  distance  is  required  to 
produce  a  small  decrease  in  their  capacity,  the  discrepancy  does  not 
-seem  so  great.  Indeed,  when  the  distance  between  the  wires  in  this 
case  is  altered  fix>m  38  cm.  to  66  cm.,  the  capacity  is  only  changed 
by  about  10  per  cent.  It  is  conceivable  that  a  discrepancy  of  that 
order  might  be  due  to  the  sloping  portions  of  wire  which  served  to 
-connect  the  normal  wires,  spaced  at  8  cm.,  with  the  abnormal  ones 
spaced  at  66  cm. 

Summary  of  Chief  Results. 

The  principal  conclusions  to  be  drawn  from  the  foregoing  theory 
^nd  experiments  taken  in  conjunction  may  be  stated  as  follows : — 

(I.)  In  experimenting  with  electrical  waves  of  high  frequency 
passing  along  a  pair  of  parallel  wires  with  short-circuited  end, 
and  containing  a  portion  which  produces  partial  reflexion,  it  is 
necessaiy  to  make  right  choice  of  the  lengths  before  and  aftet* 
such  source  of  reflexion  in  order  to  avoid  disturbing  inter- 
ferences. 

(2.)  A  sudden  change  in  the  capacity  of  the  secondary  produces  a 
partial  reflection  at  that  place  of  change.  The  ratio  of  the 
amplitudes  of  the  reflected  and  incident  wave-trains  may  be 
expiessed  as  a  simple  function  of  the  change  in  capacity.  See 
Equations  (12)  and  (13)  in  the  previous  paper. 

•(3.)  If  a  sudden  change  in  the  capacity  of  the  secondaiy  is  suc- 
ceeded by  a  sudden  reversion  to  the  normal  state  of  the  wires, 
then  reflexions  occur  at  each  of  these  places  of  abrupt  change. 
And,  if  the  distance  between  these  two  points  is  comparable 
with  a  wave-length,  then  the  waves  proceeding  from  them  will 
interfere,  consequently  when  the  distance  in  question  is  in- 
creased a  seHes  of  maxima  and  minima  successively  obtain, 
essentially  analogous  to  those  which  simultaneously  occur 
in  the  optical  phenomena  known  as  Newton's  Eings. 

(4.)  If  the  secondary  has  a  part  which,  though  abnormal  in  appear- 
ance, introduces  no  change  in  its  capacity,  then  no  reflexion  is 
produced  by  it. 

For  each  of  the  above  statements  theoretical  grounds  and  experi- 
mental confirmation  have  been  adduced.  And,  although  the  two  are 
not  in  exact  quantitative  agreement,  yet  I  think  it  will  be  admitted 
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that  they  are  approximatelj  so,  and  that  their  accordance  in  all 
g^eneral  respects  is  such  that  they  support  each  other  and  warrant 
the  conclusions  drawn  from  them. 

I  have  again  to  acknowledge  my  deep  indehtedness  to  the  late 
lamented  Professor  Hertz  for  the  very  ahle  advice  he  at  all  times  so 
readily  gave  me  while  I  was  engaged  on  the  ahove  work  under  him 
at  the  University  of  Bonn  during  the  session  1892 — 93. 


•'  On  the  Leicester  Earthquake  of  August  4, 1893."  By  Charles 
Davison,  M.A.,  F.G.S.,  Mathematical  Master  at  King 
Edward's  High  School,  Birmingham.  Communicated  by 
Professor  J.  H.  Poynting,  F.R.S.  Received  February  28, — 
Read  May  10,  1894. 

On  August  4, 1893,  at  6.41  p.m.  (G.M.T.),  an  earthquake  shock  was 
felt  throughout  the  whole  of  Leicestershire  and  Rutland,  and  in  parts 
also  of  the  adjoining  counties  of  Lincoln,  Nottingham,  Derby,  Staf- 
ford, Warwick  and  Northampton.  The  disturbed  area,  therefore, 
lies  entirely  within  the  land.  It  is  also  one  over  which  villages  and 
coxintry  houses  are  for  the  most  paH  closely  scattered,  and  it  has 
thus  been  possible  to  obtain  a  large  number  of  careful  and  detailed 
accounts.  I  have  received  altogether  391  records  from  298  places 
where  the  earthquake  was  observed,  and  103  others  from  97  places 
where,  so  far  as  known,  no  trace  of  it  was  perceived.* 

Hy  inquiries  were  carried  out  on  the  supposition  that  tectonic 
earthquakes  are,  as  a  rule,  mere  incidents  in  the  gradual  develop- 
ment of  faults,  that  the  shock  is  caused  by  the  friction  which  results 
from  one  rock-mass  slipping  slightly  but  heavily  over  and  against 
the  other,  the  accompanying  sound  and  tremulous  motion  being  due 
to  the  exceedingly  small  and  rapid  vibrations  which  proceed  chiefly 
from  the  margins  of  the  fault-surface  over  which  the  slip  takes 
place.f 

The  interpretation  of  the  evidence  collected  rests  on  the  following 
principles : — 

(1.)  The  direction  of  the  fault  is  parallel,  or  nearly  so,  to  that  of 
the  longer  axis  of  the  disturbed  area,  or  of  an  isoseismal  line. 
^2.)  The  intensity  of  the  shock  increases  in  both  directions  from  the 
faalt-line  until  a  maximum  is  reached,  and  then  decreases,  so  that 

*  The  expenses  of  the  inquiry  Ycere  defrayed  by  part  of  a  grant  which  I  liad  the 
honour  to  receive  from  the  Qt)Ternment  Research  Fund.  I  regret  that  I  am  unable 
to  acknowledge  in  detail  the  valuable  and  courteous  assistance  rendered  by  mj 
najnerous  correspondents. 

t  "  On  the  Nature  and  Origin  of  Earthquake-sounds,"  '  Geol.  Mag.,'  vol.  9, 1892, 
pp.  20&— 218. 
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on  both  sides  of  the  fault,  and  close  to  it,  thei*e  is  a  meizoseismal 
area  ;*  but  the  maximum  intensity  is  greatest  in  the  area  situated 
on  the  side  towards  which  the  fault  hades.  (3.)  Other  conditions 
being  the  same,  isoseismal  lines  which  can  be  traced  on  both  sides  of 
the  fault  are  further  apart  on  the  side  towards  which  the  fault  hades. 
(4.)  The  nature  of  the  fault-slip  may  be  ascertained  to  a  certain  ex- 
tent by  the  relative  positions  of  the  isoseismal  lines,  and  by  the  time- 
and  space-relations  of  the  sound  and  shock. 

Disturbed  Area  and  Isoseismal  Lines, 

On  the  accompanying  map  are  shown  the  principal  places  within 
the  disturbed  area  and  those  to  which  reference  is  made  in  this 
paper.  The  three  curves  are  isoseismal  lines  corresponding  to  in- 
tensities 5,  4,  and  approximately  3  of  the  Bossi-Forel  scale.  The 
latter  may  be  regarded  as  practically  the  boundary  of  the  disturbed 
area,  though  records  have  come  from  four  places  outside  it  where  the 
shock  was  very  slightly  felt.  In  drawing  this  line  the  knowledge  of 
the  pl8M^s  where  no  trace  of  the  earthquake  was  perceived  has  been 
of  considerable  service. 

The  disturbed  area  is  58  miles  long  and  46  miles  broad,  and  con- 
tains about  2066  square  miles.  The  isoseismal  4  encloses  an  area  47 
miles  long,  34  miles  broad,  and  of  about  1251  square  miles ;  that  in- 
cluded by  the  isoseismal  5  is  17^  miles  long,  .12  miles  broad,  and  of 
about  163  square  miles.  The  directions  of  the  longer  axes  of  the 
three  curves  are  about  W.  38^  N.  and  E.  38°  S.,  W.  40°  N.  and  E. 
40°  S.,  and  W.  31°  N.  and  E.  31**  S.,  respectively,  the  second  prob- 
ably being  the  most  accurate.  The  longer  axis  of  the  isoseismal  of 
intensity  4  lies  on  the  north-east  side  of  that  of  the  isoseismal  5,  and 
we  therefore  conclude  that,  if  the  earthquake  be  fault-formed,  the 
direction  of  the  fault  must  be  about  W.  40**  N.  and  E.  40°  S.,  and  its 
hade  must  be  to  the  north-east. 

The  principal  meizoseismal  area  is  a  naiTOW  band,  nearly  parallel 
to  the  longer  axis  of  the  isoseismal  5,  and  at  a  short  distance  from  it 
on  the  north-east  side.  It  extends  from  Sheepshed  to  the  neighbour- 
hood of  Bothley,  a  distance  of  eight  miles.  The  intensity  was 
greatest  at  and  neai*  Woodhouse  Eaves. 

On  the  opposite  side  of  the  axis  of  the  same  isoseismal  there  is 
another,  though  less  distinctly  marked,  meizoseismal  area,  which 
includes  Markfield,  but  the  intensity  here  was  less  than  in  the  north- 
east meizoseismal  area. 

This  confirms  the  previous  conclusion  that  the  fault  must  hade  to 
the  north-east.     It  also  shows  that  the  fault-line  must  pass  between 

*  'The  term  **  meizosoismal  area "  is  here  used  as  denoting  an  area  where  the 
inieniity  is  greater  than  in  the  surrounding  region. 
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Woodbonse  Eaves  and  Markfield.     The  position  of  the  fault  is  thus 
approximately  determined. 

Oeology  of  the  Epicentral  District, 

The  rocks  of  Cbarnwood  Forest  have  been  described  by  Messrs. 
Hill  and  Bonnej  in  a  valuable  series  of  memoirs.*  The  district  is 
now  being  re-examined  by  Mr.  C.  Fox  Strangways,  of  H.M.  Geo- 
logical Survey,  to  whom  I  am  indebted  for  some  additional  in- 
formation. 

The  part  of  the  Forest  region  with  which  we  are  immediately  con- 

•  "The  Frecarboniferous  Bocks  of  Cbarnwood  Forest,"  'Quart.  Joum.  Gheol. 
8oc.,'  ToL  38,  1877,  pp.  764—789 ;  yol.  34,  1878,  pp.  199—239  j  yol.  36,  1880, 
pp.  387—350. 
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cemed  is  that  lying  near  the  centre  of  the  isoseismal  5.  Here  the 
beds,  which  are  believed  by  Messrs.  Hill  and  Bonney  to  be  of  pre- 
Cambrian  age,  "  are  elevated  in  an  elongated  dome-shaped  anticlinal 
of  which  only  one-half  is  visible,  and  the  vertex  points  to  the  south, 
east ;  so  that  denudation  has  exposed  the  lowest  beds  at  the  northern 
end;  and  the  others  lap  round  them  in  rudely  elliptical  zones." 
Along  the  anticlinal  axis,  the  direction  of  which  is  approximately 
north-west  and  south-east,  but  in  the  neighbourhood  of  Woodhouse 
Eaves  more  nearly  W.  40*  N.  and  E.  40**  S.,  there  appears  to  run  a 
considerable  fault,  the  beds  on  the  south-west  side  being  older  than 
those  on  the  north-east.  The  course  of  this  supposed  fault  is  indi- 
cated on  the  map  by  a  dotted  line.  If  the  fault  be  a  normal  one,  but 
of  this  there  is  no  certainty  from  geological  evidence,  it  must  clearly 
hade  to  the  north-east. 

The  close  correspondence  between  the  probable  position  of  this 
fault  and  that  of  the  fault  suggested  by  the  seismic  evidence  allows 
us  to  infer,  I  think,  with  some  degree  of  confidence,  that  the  Leicester 
earthquake  was  caused  by  a  slip  of  the  anticlinal  fault  of  Chamwood 
Forest. 

Nature  of  the  Earthqtuihe  PTienomena. 

In  the  present  section  I  will  first  give  a  few  brief  descriptions  of 
the  earthquake,  and  will  afterwards  present  a  summary  of  the 
evidence  from  different  points  of  view.  The  first  group  of  accounts 
ivre  from  places  near  the  major  axis  of  the  disturbed  area,  the  second 
from  places  near  the  muior  axis  of  the  isoseismal  5,  which  may  be 
i*egarded  as  the  minor  axis  of  the  disturbed  area. 

1.  (a.)  Accounts  from  places  between  the  north-west  end  of  the 
major  axis  and  the  isoseismal  5 :  Quamdon,  a  dull  rumbling  sound 
first  heard,  as  of  some  very  distant  explosion,  lasting  about  five 
seconds,  followed  without  any  interval  by  a  quick  tremulous  motion, 
which  gradually  increased  in  intensity,  and  then  died  away,  intensity 
3.  Derby,  a  tremulous  motion,  increasing  in  intensity  for  three 
HBconds,  and  then  decreasing  until  it  ceased  afler  one  second  more, 
intensity  3 ;  a  soft,  slightly  tremulous  sound  heard  for  two  seconds 
before  the  tremulous  motion  began,  increasing  in  intensity  and 
ending  rather  abruptly  just  before  the  tremulous  motion  was 
strongest.  Spondon,  a  tremulous  motion  for  two  or  three  seconds, 
preceding  more  prominent  vibrations  which  lasted  for  two  seconds 
more  and  were  not  followed  by  tremulous  motion  ;  a  rumbling  sound 
like  that  of  a  heavy  cart  passing  close  to  the  house,  the  beg^ning 
and  end  of  which  coincided  with,  or  slightly  preceded,  the  beginning 
and  end  of  the  shock  respectively,  the  sound  loudest  when  the  vibra- 
tions were  strongest.  Weston-en-Trent,  a  slight  tremulous  motion 
for  about  two  seconds,  succeeded  by  two  series  of  vibrations,  each 
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lasting  about  two  seconds,  not  followed  by  tremulous  motion,  in- 
tensity nearly  5  ;  the  beginning  of  the  sound  coincided  with  that  of 
the  shock,  it  began  abruptly,  and  died  away  a  second  or  two  before 
the  end  of  the  shock.  The  most  interesting  point  brought  out  by 
these  observations  is  that,  as  the  earth-wave  radiated  from  the  centre, 
the  sound  apparently  outraced  the  shock,  leading  at  first  sight  to  the 
conclusion  that  the  velocity  of  the  sound  was  greater  than  that  of 
the  shock.  In  a  later  section  it  will  be  seen,  however,  that  such  a 
conclusion  would  be  incorrect. 

(6.)  Accounts  from  places  within  the  isoseismal  5:  Mount  St. 
Bernard's  Abbey,  prominent  vibrations,  followed  by  tremulous  motion, 
duration  about  five  seconds ;  the  beginning  of  the  sound  slightly 
preceded  that  of  the  shock,  the  end  of  the  sound  followed  that  of 
the  shock  by  at  least  three  or  four  seconds.  Sheepshed,  the  vibra- 
tions gradually 'increased  in  intensity  and  then  died  away,  duration 
about  seven  seconds ;  the  beginning  of  the  sound  preceded  that  of 
the  shock  by  about  two  seconds,  the  end  of  the  sound  followed  that 
of  the  shock  by  about  two  seconds,  the  sound  loudest  at  the  time 
when  the  vibrations  were  strongest.  Markfield,  prominent  vibra- 
tions, preceded  and  followed  by  tremulous  motion,  duration  about 
five  seconds;  the  beginning  of  the  sound  slightly  preceded  that  of 
the  shock,  the  end  coincided  approximately  with  that  of  the  shock, 
the  principal  vibrations  felt  at,  or  immediately  after,  the  instant 
when  the  sound  was  loudest.  Thus,  at  places  close  to  the  epicentrum 
the  sound  generally  overlapped  the  shock  at  both  ends,  and  there 
was  little  or  no  interval  between  their  epochs  of  maximum  intensity. 

(c.)  Accounts  from  places  between  the  isoseismal  5  and  the  south- 
east end  of  the  major  axis :  Humberstone,  principal  vibrations  for 
three  or  four  seconds,  strongest  near  the  beginning,  followed  by 
tremulous  motion  for  two  or  three  seconds,  intensity  4 ;  the  begin- 
ning and  end  of  the  sound  coincided  approximately  with  those  of  the 
shock.  Harringworth,  tremulous  motion,  followed  by  principal 
vibrations,  intensity  4 ;  the  beginning  of  the  sound  preceded  that  of 
the  shock,  the  ends  of  both  coincided,  the  principal  vibrations  felt 
after  the  instant  when  the  sound  was  loudest.  Barton  Segrave,  the 
sound,  a  deep  loud  rumble,  lasting  four  or  five  seconds,  seemed  to 
cease  as  the  vibrations  began ;  these  were  strongest  near  the  middle, 
and  lasted  about  five  seconds,  intensity  3.  In  this  direction  also, 
then,  the  sound  apparently  outraced  the  shock. 

2.  Sutton  (near  the  north-east  end  of  the  minor  axis),  one  series 
of  vibrations,  strongest  towards  the  end,  duration  five  or  six  seconds, 
intensity  3  ;  the  begfinning  of  the  sound  preceded  that  of  the  shock 
by  two  or  three  seconds,  the  end  followed  that  of  the  shock,  the 
principal  vibrations  felt  when  the  sound  was  loudest.  Barwell  (near 
the  south-west  end  of  the  minor  axis),  principal  vibrations  ioi:  ^V^cr^^ 
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four  seconds,  followed  by  tremnlons  motion  for  about  eigbt  seconds  ; 
the  beginning  of  tbe  sound  coincided  witb  that  of  tbe  shock,  the  end 
followed  that  of  the  shock  .by  about  two  seconds,  the  principal  vibra* 
tions  felt  when  the  sound  was  loudest.  Both  of  these  places  are  at 
considerable  distances  from  the  fault-line,  and  on  opposite  sides  of 
it.  Consequently,  from  these  and  similar  observations,  we  may 
conclude  that  in  the  direction  of  the  minor  axis  there  is  no  sign  of 
the  sound  outracing  the  shock. 

Time'Belations  of  the  Sound  and  Shook, — The  beg^inning  of  the 
sound  preceded  that  of  the  shock  at  59  places,  coincided  with  it  at  11, 
and  followed  it  at  3,  places.  The  latter  are,  however,  close  to  places 
where  the  sound  was  heard  before  the  shock.  Hence,  in  all  parts  of 
the  disturbed  area,  the  beginning  of  the  sound  as  a  rule  preceded 
that  of  the  shock. 

The  end  of  the  sound  preceded  that  of  the  shock  at  16  places, 
coincided  with  it  at  6,  and  followed  it  at  16,  places.  In  the  majority 
of  cases,  the  end  of  the  sound  preceded  that  of  the  shock  at  places 
near  the  major  axis,  and  especially  close  to  the  ends  of  it ;  and  it 
followed  the  end  of  the  shock  at  places  chiefly  within  the  isoseismal  5 
and  in  the  neighbourhood  of  the  minor  axis. 

The  epoch  of  maximum  intensity  of  the  sound  preceded  that  of  the 
shock  at  19  places,  which  are  as  a  rule  near  the  ends  of  the  major 
axis,  coincided  with  it  at  18  places,  which  are  not  far  distant  from 
the  epicentrum  or  minor  axis,  and  followed  it  at  3  places,  namely, 
Rothley,  Woodhouse  Eaves  and  "Wymondham. 

Lastly,  the  sound  appeared  to  precede  the  shock  entirely  at  seven 
places,  Ashley,  Barton  Segrave,  Bretby,  Famdon,  Hazelbeach  Hill, 
Quamdon  and  Wartnaby.  Six  of  these  are  close  to  the  ends  of  the 
major  axis,  and  still  closer  to  the  continuation  of  the  anticlinal  fault- 
line. 

Thus,  the  more  detailed  evidence  here  summarised  supports  the 
conclusion  previously  stated,  that  the  sound  apparently  outraced  the 
shock  in  the  direction  of  the  major  axis  of  the  disturbed  area,  but  not 
in  the  direction  of  the  minor  axis. 

Space-Belations  of  the  Sound  and  Shock. — In  the  absence  of  any 
scale  of  seismic  sound-intensity,  it  has  not  been  possible  to  indicate 
the  position  of  any  isacoustic  lines.  It  is  clear,  however,  that  they 
would  not  be  concentric  with  the  isoseismal  lines.  For  instance,  the 
shock  was  felt,  while  no  sound  was  heard,  by  the  observers  at 
Burton-on-Ti*ent,  Castle  Donington,  Cole  Orton,  Long  Eaton  and 
Staunton.  The  sound  was  heard,  while  no  shock  was  felt,  by  the 
observers  at  Aldwincle,  East  Haddon,  Finedon,  Holme,  Loddington, 
Ragdale  Hall  and  Thorpe  Underwood.  In  one  or  two  cases  this  may 
have  been  due  merely  to  defective  observation ;  but,  on  the  whole,  it 
is  evident  that  the  shock  was  a  more  prominent  feature  than  the 
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sound  near  the  north-west  end  of  the  major  axis,  while  the  sound  was 
more  prominent  than  the  shock  near  the  south-east  end. 


Origin  of  the  Earthquake, 

Whatever  maj  be  the  extent  of  the  fault-surface  over  which  a  slip 
takes  place,  there  must,  in  the  simplest  case,  be  a  certain  central 
region  over  which  the  slip  is  comparatively  great,  surrounded  by  a 
marginal  area  over  which  it  is  very  small,  and  gradually  diminishes 
in  all  directions  until  it  disappears  along  the  boundary.  The  minute 
and  exceedingly  rapid  vibrations  proceeding  chiefly  from  this 
marginal  area  are,  I  believe,  those  which  are  perceptible  as  sound ; 
the  sound  which  precedes,  accompanies  and  follows  the  shock  being 
produced  by  the  vibrations  which  come  from  the  nearer  lateral 
margin,  the  upper  margin  chiefly,  and  the  further  lateral  margin, 
with  reference  to  the  place  of  observation. 

In  the  case  of  the  Leicester  earthquake,  the  sound  was  observed 
before  the  shock  all  over  the  disturbed  area,  because  no  part  of  that 
area  was  at  a  great  distance  from  the  nearer  lateral  margin  of  the 
seismic  focus.  But  some  places,  especially  near  the  end  of  the 
major  axis,  were  so  far  from  the  further  lateral  margin  that  no 
sound  following  the  shock  could  be  heard. 

At  a  place  (like  Quamdon)  close  to  one  end  of  the  major  axis,  the 
sound- vibrations  from  the  further  edge  of  the  nearer  lateral  margin 
were  nearly  or  quite  imperceptible,  and  the  sound  entirely  preceded  the 
shock.  A  little  nearer  the  epicentrum  (at  Derby)  the  sound- vibrations 
from  the  nearer  part  of  the  upper  margin  were  perceptible,  and  conse- 
quently the  sound  partly  overlapped  the  shock,  but  the  beginning, epoch 
of  maximum  intensity,  and  end  of  the  sound  preceded  respectively  those 
of  the  shock.  Lastly,  at  places  close  to  the  epicentrum  the  sound- 
vibrations  from  the  further  lateral  margin  could  be  perceived,  and 
thus  the  sound  was  heard  both  before,  during  and  after  the  shock, 
while  the  epochs  of  their  maximum  intensity  were  nearly  or  quite 
coincident. 

In  the  neighbourhood  of  the  minor  axis  the  sound  was  heard  at 
the  same  time  as  the  shock,  and  generally  both  before  and  after.  No 
interval  was  apparent  between  their  epochs  of  maximum  intensity, 
for  the  places  of  observation  were  at  nearly  the  same  distance  from 
the  upper  lateral  margin  and  central  area  of  the  seismic  focus. 

The  time-relations  of  the  sound  and  shock  are  thus  readily 
explained  on  the  supposition  that  the  sound- vibrations  come  chiefly 
from  the  marginal  area  of  the  seismic  focus.  But  this  theory  of 
their  origin  receives  a  stronger  support  from  the  observations  sum- 
marised above  than  its  mere  capability  of  offering  a  satisfactory 
explanation.     The  soimd  was  heard  before  the  shock  practically  at 
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all  parts  of  the  distarbed  area ;  it  was  beard  after  tbe  sbock  at  places 
near  tbe  ends  of  tbe  minor  axis  but  not  of  tbe  major  axis.  This 
shows,  I  think,  that  the  preliminary  and  subsequent  sounds  must 
have  been  due  to  vibrations  proceeding  from  two  distinct  origins, 
situated  rough Ij  in  a  north-west  and  south-east  line. 

Length  of  the  Fault-Slip, — On  this  subject  our  conclusions  are  of 
necessity  only  approximate.  It  may  be  shown,  however,  that  tbe 
seismic  focus  must  have  been  several  miles  in  length. 

The  elongated  form  of  the  disturbed  area  and  of  the  isoseismal 
lines  is  sufficient  evidence  of  this.  If  the  slip  were  instantaneooS; 
the  length  of  the  focus  would  probably  be  greater  than  the  difference 
between  the  length  and  breadth  of  the  disturbed  area,  i.e.,  than  about 
12  miles. 

Again,  the  curve  which  includes  all  places  on  the  north-west  side 
of  the  minor  axis  at  which  the  sound  preceded  the  shock,  and  all 
those  on  the  south-east  side  at  which  it  followed  the  shock,  bounds 
the  area  over  which  the  sound -vibrations  from  the  north-west  lateral 
margin  were  perceptible.  Similarly  may  be  obtained  the  area  ovei* 
which  the  sound-vibrations  from  the  south-east  lateral  margin  were 
observed.  The  centres  of  these  areas  must,  as  a  rule,  lie  vertically 
over  the  corresponding  lateral  margins,  and  the  distance  between 
them  must  therefore  be  less  than  the  length  of  the  seismic  focus. 
It  is  difficult  to  determine  the  centre  of  the  north-west  area  very  ex- 
actly, but  the  length  of  the  fault-slip,  as  ascertained  by  this  method, 
cannot  have  been  much  less  than  12  or  15  miles. 

It  is  possible,  however,  that  the  slipping  did  not  take  place  in- 
stantianeously,*  and,  if  so,  these  estimates  may  be  a  little  too  gpreat. 
But,  in  any  case,  the  fault-slip  must  have  been  continued  for  some 
distance  under  the  Triassic  rocks  on  which  Leicester  is  situated. 

Nature  of  the  Fault-Slip. — The  intensity  of  the  shock  was  greatest 
on  the  north-east  side  of  the  fault  at  and  near  Woodhouse  Eaves,  and 
on  the  south-west  side  at  Markfield.  The  line  joining  these  places  is 
perpendicular  to  the  fault-line,  and  we  may  therefore  conclude  that 
the  slip  was  greatest  at  this  part  of  the  fault.  For  a  distance  of  two 
or  three  milesf  in  either  direction  the  slip  may  have  been  considerable, 
and  it  then  died  out  rather  rapidly  in  amount  towards  the  north- 
west, and  much  more  slowly  towards  the  south-east.  That  the 
south-east  lateral  margin  of  the  seismic  focus  was  longer  than  the 
north-west  is  shpwn  (1)  by  the  relative  distances  between  tbe  iso- 

*  The  great  extension  of  the  isoseismal  4  towards  the  south-east  may  be  partly  due 
to  the  fault-^lip  starting  near  Woodhouse  Eaves  and  spreading  out  rapidly  in  either 
direction,  but  towards  the  south-east  with  a  velocity  not  much  greater  than  that  of 
tlic  earth-wave. 

t  The  dirTerence  between  the  length  and  breadth  of  the  isoseismal  5  is  about 
five  mih'A. 
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seismal  lines  in  these  directions,  and  (2)  by  the  greater  prominence 
of  the  sonnd  in  the  south-east  part  of  the  disturbed  area  and  of  the 
shock  in  the  north-west  part. 

After  two  or  three  seconds  there  appears  (from  the  double  charac- 
ter of  the  shock)  to  hiave  been  a  second  and  slighter  slip,  probably  at  a 
short  distance  to  the  north-west  of  the  former. 

History  of  the  Ghamwood  Forest  Fault. — The  greater  part  of  the 
displacement  along  the  anticlinal  fault  seems  to  have  taken  place  in 
pre- Carboniferous  times,  leaving  only  a  few  hundred  feet  to  be  ac- 
complished in  subsequent  periods.*  Earthquakes  in  the  Chamwood 
district  are  now  extremely  rare.  Between  December  23,  1838,  and 
August  4,  1893,  we  have  not  one  recorded.f  The  shocks  of  the  pre- 
sent century  thus  indicate  at  how  slow  a  rate  the  fault  is  now  grow- 
ing. They  also  show  that  that  growth  has  not  yet  ceased,  and 
enable  us  to  form  some  conception  of  the  vast  interval  of  time  over 
which  the  life  of  a  fault  may  extend. 
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I  must  beg  leave  at  the  outset  to  acknowledge  the  valuable  aid  of 
my  Assistant,  Mr.  R.  B.  Floris,  F.C.S.,  in  the  present  inquiry.  An 
investigation  of  this  kind,  necessitating  much  consideration,  can  only 
be  carried  to  a  successful  issue  by  arguments  and  discussions,  and  to 
Mr.  Floris  much  credit  is  due  for  the  light  these  discussions  have 
shed  on  the  inquiry ;  I  feel  also  indebted  to  him  for  the  care  he  has 
bestowed  on  the  numerous  analyses  he  has  made  for  me,  and  for  tho 
accuracy  with  which  his  work  has  invariably  been  done. 

From  a  general  view  of  the  function  of  respiration  it  follows  that 
there  are  four  fundamental  forms  of  breathing ;  their  characters  are 
the  following: — 

Ist.  Normal  breathing  in  the  state  of  repose — a  i-egular  succession 
of  the  respiratory  movements,  involuntary,  unattended  with  fatigue, 
and  leaving  an  approximately  unchanged  balance  between  the  C02  in 
store,  in  the  blood,  and  the  CO2  expired. 

2nd.  Forced  breathing — a  voluntarily  increased  thoracic  expansion, 
brought  about  by  the  contraction  of  muscles  differing  more  or  less 
from  those  in  comnon  use  in  respiration  and  attended  with  fatigue. 
The  expiration  of   carbonic  acid  is  increased  beyond  the   normal ; 

*  'Quart.  Joum.  GeoL  Soc.,'  vol.  34, 1878,  p.  232. 

t  W.  Boper, '  A  List  of  the  more  remarkable  Earthqaakes  in  G-reat  Britain  and 
Ireland  during  the  Christian  Era '  (Lancaster,  1889),  pp.  34 — 42. 
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though  not  from  excessive  oxidation,  with  the  exception  of  a  small 
amount  due  to  the  extra  work  of  the  respiratory  muscles. 

3rd.  Kespiration  under  exercise — increased  volumes  of  air  inspired 
and  expired  in  a  given  time  with  an  expiration  of  COs  in  excess  of  the 
CO2  expired  in  repose,  and  unattended  with  fatigue.  At  the  same  time 
there  occurs  an  increase  of  the  COs  in  store  in  the  blood,  which  takes 
place  with  a  certain  regularity  during  the  first  fifteen  or  eighteen 
minutes  after  exercise  has  begun,  and  is  irregular  afterwards.  This 
excess  of  stored  up  COa  is  given  out  as  soon  as  exercise  is  followed  by 
repose. 

4th.  The  fourth  form  of  breathing  is  under  the  influence  of  volitioUt 
when  exerted  in  a  person's  imagination  towards  a  powerful  muscular 
exertion,  while  the  muscles  are  in  a  perfect  state  of  repose.  This 
form  of  breathing  exhibits  the  characters  of  forced  respiration  and 
respiration  under  exercise. 

These  four  different  forms  of  breathing  have  received  special 
attention,  and  will,  collectively,  be  found  to  include  every  variety  of 
respiration.  They  have  been  recorded  graphically  in  the  charts  which 
accompany  the  present  paper.  By  means  of  a  drum  revolving  regu- 
larly by  clockwork,  and  of  a  style  at  the  end  of  a  rod  fixed  to  the 
summit  of  the  bell-jar  into  which  the  air  was  expired,  tracings  were 
obtained  on  lithographed  charts.  The  abscissas  on  the  charts  indi- 
cate the  litres  of  air  expired,  and  the  ordinates  the  minutes  through 
which  the  experiment  was  continued. 

The  air  expired  was  analysed,  either  for  the  determination  of  its 
CO2  alone,  or  of  its  CO3,  0,  and  N ;  the  volume  of  nitrogen  obtained 
yielded  by  a  simple  proportion  the  volume  of  air  inspired. 

I  shall  now  beg  to  give  an  account  of  my  inquiry  on  these  different 
forms  of  respiration. 

1st.  Normal  Breathing  in  the  State  of  Repose, 

The  methods  adopted  in  the  present  work  have  been  fully  described 
elsewhere;  as  time  elapsed  improvements  were  introduced,  and 
this  last  year  the  bell-jars  used  for  collecting  the  expired  air,  instead 
of  being  exactly  balanced  as  in  former  experiments,  had  their 
counterpoise  charged  in  such  a  way  as  to  give  a  slight  ascending 
motion  to  the  receivers  when  in  free  communication  with  the  atmo- 
sphere, the  speed  they  acquired  being  rather  less  than  woold  be 
produced  by  the  rush  of  air  owing  to  the  expiratory  effort.  Thos, 
the  respiration  was  unattended  with  the  unconscious  strain  necessary 
to  raise  the  bell-jar  while  perfectly  balanced.  This  effort,  although 
unnoticed  at  the  time,  had  a  slight  tendency  to  bring  on  after  a 
while  a  sensation  of  fatigue  in  the  respiratory  muscles,  and  pro- 
bably to  increase,  though  to  a  very  small  amount,  the  volume   of 
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y? 


COa  expired ;  at  the  same  time  the  percentage  of  COa  in  that  aii*  was 
somewhat  greater  than  might  have  been  anticipated.  The  present 
arrangement  made  awaj  with  that  slight  defect.  It  should  be  under- 
stood that  the  person  under  experiment  while  inspiring  through  the 
noee,  first  expired  through  a  tube  into  the  open  air,  then  by  means  of 
three-way  stop-cocks  was  placed  in  communication  with  either  of  the 
three  bell- jars,  used  in  these  experiments;  thus,  the  bell -jar  onlj 
b^an  ascending  when  the  air  was  expired,  while,  during  the  period 
of  inspiration,  the  mouth-piece  retained  in  the  mouth  entirely 
checked  any  ascending  tendency  of  the  receiyer. 

This  last  season  (1893-94),  both  I  and  Mr.  Floris  submitted  to 
experiment  for  the  determination  of  our  carbonic  acid  expired  and 
oxygen  absorbed  (not  given  out  as  COa)  in  the  state  of  repose.  In 
my  case  eleven  experiments  were  made  from  2  hours  to  2^  hours 
after  luncheon  (chop,  potatoes,  and  bread),  while  four  othera  were 
undertaken  within  1  hour  and  5  minutes  after  lunch.  The  results 
are  as  follows : — 


The  Author,  from  2  hours  to  2  hours  and  30  mins.  after  Luncheon. 

Per  minute. 


Time  after  luncheon. 

1 

CO]  expired. 

0  absorbed. 

0  conBumed. 

h.        m. 
2          0 
2          5 
2          0 
2          5 
2          0 
2        20 
2        30 
2        20 
2        15 
2        20 
2          0 

c.c. 
216  0 
210*9 
209*4 
206*4 
200*2 
192*1 
188*7 
184*4 
175*5 
175*4 
163*5 

C.C. 

32*7 
36  0 
36*8 
52*1 
45*0 
34*9 
34  0 
38-2 
27*7 
32*1 
37*6 

C.c. 
248-7 
246*9 
245*9 
258*5 
245*2 
227  0 
222*7 
222-6 
203*2 
207*5 
201*1 

Means. .      2        10 

192*9 

37  0 

229*9 

1                                                                                        r 1 92  '9 

Betpiratory  ratio l22y^  =  0*839. 

The  four  experiments  made  within  1  hour  and  5  minutes  after 
Innchecm  are  shown  in  the  next  table. 

From  these  two  series  of  experiments  it  will  be  observed  that  less 
COs  is  expired  during  the  first  hour  after  a  meal  than  from  2  to 
2*^  hours,  but  there  is  considerably  more  oxygen  absorbed  within  the 
first  hour  than  from  2  to  2^  hours  after  the  ingestion  of  food,  the  pro- 
portion of  54i'4  CO.  to  37  c.c.  is  a  clear  indication  that  such  is  the  case* 


98 


Dr.  W.  Marcet. 


The  Author,  within  1  hour  and  5  mins.  after  Luncheon. 


Time  after  luncheon. 

COj  expired. 

0  absorbed. 

0  consumed. 

h.       m. 
0        45 
0        25 

0  45 

1  5 

c.c. 
159-7 
203-8 
181-2 
191-8 

c.c. 
47-9 
55-6 
55-8 
58-3 

c.c. 
207-6 
259*4 
237-0 
250-1 

M(  un5. .     0        45 

184  1 

54-4 

238*5 

Eeepiratory  ratio / 1?^ -1  _  ^.^^^ 

L  238  -5 

1 

The  experiments  on  Mr.  Floris  are  made  partly  after  luncheon  and 
partly  between  breakfast  and  luncheon.  There  are  fifteen  of  the 
former  and  twelve  of  the  latter.  The  experiments  after  lunch  show 
more  C02  expired  than  those  made  after  breakfast,  and  considerably 
more  0  absorbed,  the  figure  for  the  mean  volumes  of  oxygen  absorbed 
being  40*5  c.c.  after  luncheon,  and  only  22*4  c.c.  after  breakfast. 

If  we  now  compare  with  each  other  the  present  series  of  experiments 
made  individually  for  each  of  us,  it  will  be  seen  that  in  those  undertaken 
at  a  mean  time  of  2  to  2|^  hours  after  luncheon,  the  ratio  of  O  con- 
sumed to  CO2  produced  is  all  but  exactly  the  same,  these  figures 
being  0*839  in  my  case  and  0*840  in  that  of  Mr.  Floris.  Moreover, 
if  the  whole  of  the  experiments  on  Mr.  Floris  be  taken  into  account^ 
including  those  after  luncheon  and  after  breakfast,  the  respiratory 
ratio  will  be  0*862,  which  is  all  but  exactly  the  figure  I  formerly 
obtained  for  myself,  0*864  (means  fasting  and  under  food),  and  near 
to  the  figure  for  a  foi-mer  assistant,  0*875,  these  results  agreeing 
closely  with  the  ratio  given  by  Messrs.  Jolyet  Bergonie  et  Sigalas, 
0-864,  and  by  Mr.  C.  Speck,  0*869. 

While  in  the  experiments  reported  in  my  last  paper,  the  volume 
of  oxygen  consumed   in  a  certain    time  was  nearly  the   same  for 
each  individual  person  (one  excepted)  under  similar  physical  cir- 
cumstances, in  the  present  instance  there  is  a  variation  between  the 
volumes  of  oxygen  consumed,  the  extreme  difference  amounts  in  my 
case  to  47*6  c.c,  in  that  of  Mr.  Floris  to  30  c.c.  per  minute.     More- 
over, we  no  longer  observe,  as  formerly,  that  the  oscillations  in  the 
figures  for  carbonic  acid  expired,  and  corresponding  oxygen  absorbe^^ 
vary  in  a  measure  inversely  to  each  other.    After  giving  the  qne6ti<^^= 
a  full  consideration,  I  have  come  to  the  conclusion  that  this  is  dia-^ 
to  the  method  of  collecting  the  air  expired.     In  the  former  ex] 
ments  this  air  was  expired  into  a  bell- jar  perfectly  balanced 
atmospheric  pressure,  while   in  the  present  instance  the  air 
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expired  into  bell- jars  with  weighted  coantexrpoise,  as  previously  ex- 
plained. With  the  balanced  bell- jar  there  was  a  slight  amount  of 
work  done  which  gave  the  breathing  a  deg^ree  of  steadiness  wanting 
with  the  counterpoise  weighted ;  in  the  former  experiments  the  yerj 
slight,  though  imperceptible,  effort  to  raise  the  bell-jar  gave  regu- 
larity to  the  respiratory  function.  It  mnst  be  recollected  ^lat  during 
the  day  time,  sitting  perfectly  quiet  in  an  arm-chair,  from  a  quarter 
of  an  hour  to  an  hour,  is  altogether  unnatural  in  ordinary  life.  We 
are  always  in  a  state  of  activity,  and  therefore  the  slight  effort  to 
raise  the  balanced  bell- jar  is  perhaps  more  consistent  with  the  ordin- 
ary functions  of  life  than  breathing  perfectly  freely,  doing  practi- 
cally no  work,  indeed  breathing  much  as  we  do  at  night  in  bed  and 
during  sleep.  I  therefore  believe  that  the  irregularity  in  the  present 
figures  obtained  for  the  composition  of  expired  air  does  not  militate 
in  any  way  against  my  former  conclusion. 
The  next  subject  for  our  consideration  will  be 

Forced  Breathing. 

Let  us  follow  the  different  stages  of  this  form  of  respiration.  The 
person  under  experiment  is  resting  in  the  recumbent  posture  and 
perfectly  still,  he  then  takes  a  succession  of  deep  nasal  inspirations 
while  expiring  through  the  mouth  into  one  of  the  bell-jars.  After  a 
certain  time,  say  one,  two,  or  three  minutes,  he  suddenly  relapses  into 
natural  automatic  breathing,  and  then  observes  that  his  respiration 
subsides  for  a  few  seconds  into  a  pause  or  state  of  apnoea ;  by  degrees 
it  returns,  shallow  and  feeble,  and  then  fuller,  increasing  beyond  the 
normal.  If  the  apnoea  has  been  g^at,  the  increase  is  well  marked, 
but  if  comparatively  slight  the  increase  may  be  only  just  perceptible. 
These  characters  are  invariably  met  with  in  every  instance  of  "  forced 
breathing  "  and  are  clearly  shown  by  the  tracings  recorded  in  the 
charts.  The  phenomenon  may  be  conveniently  illustrated  by  means 
of  the  following  diagram — 


The  horizontal  line  AA  represents  normal  respiration,  the  curve 
AB  the  line  of  forced  breathing,  the  curve  BC  the  collapse  in  the 
respiration  or  apnoea,  and  gradual  retui*n  to  normal,*  which  it  exceeds 
in  CD,  reaching  finally  the  normal  in  D. 

With  reference  to  the  respiratory  changes  in  these  three  successive 
stages : — In  the  forced  period,  or  from  A  to  B,  much  more  COi  is 

*  This  return  to  normal  only  concerns  the  CO^,  the  O  absorbed  takes  a  longer 
lime  to  recover. 
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fonnd  to  be  given  out  of  the  blood  than  can  be  accoanted  for  bj  the 
oxygen  consumed,  or,  in  other  words,  the  yolume  of  air  expired 
exceeds  in  a  marked  degree  the  volume  of  air  inspired.  Where  can 
the  excess  of  COa  come  from  P  It  is  evidently  due  to  an  emission 
from  the  blood  of  a  portion  of  COj  stored  up  within  it.  This  view 
is  advocated  by  C.  Speck  in  his  paper,  which  has  been  referred  to  in 
my  last  commonication.  It  will  be  shown  presently  that  a  further 
and  more  direct  proof  of  this  interesting  fact  can  be  experimentally 
given. 

Until  tracings  of  the  phenomenon  had  been  obtained  on  the  record- 
ing drum,  I  thought  the  return  to  normal  respiration  was  effected  ab 
the  point  C  in  the  diagram,  assuming  that  from  B  to  C  the  blood 
recovered  its  CO^  entirely  and  replenished  its  store ;  but  as  soon  as 
tracings  were  obtained  it  became  obvious  that  the  final  return  to 
normal  breathing  failed  to  take  place  at  C,  and  that  the  inflaence  of 
the  forced  breathing  continued  to  show  itself  as  far  as  the  point  D. 

This  influence  may  appear  consistent  with  the  observation  of 
C.  Speck,  who  allies  the  "after  stage"  of  forced  breathing  to  the 
*'  after  stage "  of  breathing  under  exercise ;  but  the  phenomenon 
appears  to  me  to  be  strictly  a  character  of  forced  respiration,  inas- 
much as  it  begins  with  apnoea,  passing  gradually  into  slightly 
increased  breathing. 

In  the  following  table  the  COt  entered  as  expired  in  forced  breathing 
is  the  total  COa  expired  from  A  to  D  in  the  diagram,  and  includes, 
therefore,  the  COa  expired  in  forced  breathing  plus  the  COa  emitted 
in  the  stage  of  apnoea  and  that  obtained  in  the  final  reaction  from 
C  to  D ;  the  whole  volume  being  calculated  per  minute. 

It  will  be  observed  that  the  volumes  of  COa  in  the  experiments  in 
forced  breathing  (including  after  stage)  invariably  exceed  the  volumes 
of  COa  obtained  in  the  same  lapse  of  time  during  rest ;  this  excess, 
which  is  entered  in  the  table  for  each  experiment,  must  represent  the 
work  done  per  minute  in  forced  breathing. 

The  mean  amount  of  this  work  done  per  minute  would  be  equal  to  a 
combustion  yielding  62*5  c.c.  COa  for  the  author,  and  47*5  c.c.  COa  for 
Mr.  Floris,  corresponding  to  a  consumption  of  carbon  of  0*034  gram 
per  minute  for  the  author  and  0*025  gram  per  minute  for  Mr.  Floris. 

The  subject  is  f urthjer  developed  in  the  appendix  to  this  paper. 

A  great  deal  more  COa  is  expired  in  forced  respiration  indepen- 
dently of  the  reaction  and  after  stage  than  in  ordinary  breathiDg,  and 
I  shall  now  beg  to  demonstrate  experimentally  that  this  excess  of 
expired  COa  is  from  the  store  of  absorbed  COa  in  the  blood  (with  the 
exception  of  the  small  proportion  for  work  done)  and  not  a  product 
of  oxidation. 

In  order  to  attain  that  object,  air  forcibly  inhaled  was  expired 
into  three  different  bell-jars  in  succession,  the  air  being  div^tWd. 
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from  one  air  bolder  to  another  by  meanB  of  stopcocks ;  tbas  forced 
air  expired  in  three  successive  periods  of  three  minateB  each  was 
collected  withoot  undergoing  the  slightest  loss.  If  the  excess  of 
COi  expired  in  forced  breathing  is  reallj  taken  from  that  stored  np 
in  tbe  blood,  then  it  will  be  obvionfi  that  the  second  quantity  of 
forced  air  expired  will  contain  less  C0|  than  the  firat,  and  the  third 
quantity  less  than  the  second ;  moreover,  tbe  difference  will  be  less 
and  less  as  the  experiment  progresses,  resnltiug  in  a  curre  of  a 
parabolic  form*  The  expeiiment  folly  proved  the  correctness  of 
the  theory,  three  experiments  for  the  aothor  giving  the  following 
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*  A>  the  volnmei  of  CO,  expired  from  the  blood-itore  depended  on  the  rolninet 
of  mir  inspired  (or  expired),  the  CO]  expired  «u  nlcQlsted  for  the  mean  Toliuaes 
of  sir  aipired  in  the  three  difFerent  beU-JBrs;  b;  thU  means  the  rolume*  of  CO. 
oMained  in  those  different  bell-jar*  could  b«  correctlj  compared  with  cMih  other. 
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The  results  obtained  for  Mr.  Floris  were  as  folloi 


CO,  emitted  per 

l.t  B»pt. 

2i.d  Etpt. 

3fd  Eipt. 

4th  £i[>t. 

In  first  three  mJnutee.. 

Inee«>n<l<titlo 

In  third  ditto   

271  C.C. 
200    „ 
16S    „ 

203  c.c. 
208    „ 
153    „ 

327  C.C 
249    „ 
179    „ 

34S  CO. 
286    „ 
2S4    „ 

There  can  bo  no  doubt,  therefore,  that  the  excesB  CO,  expired  in 
forced  breathing  is  a  result  of  dittaNion  tbrongb  the  moiat  pulmonary 
membrane  of  Gome  of  the  CO^  stored  np  in  the  blood.  Forced 
breathing  is  concerned  in  sighing,  yawning,  and  sneecing. 


Breathing  under  Muicttlar  Exereite. 

The  third  form  of  breathing  is  nndev  mnacnlar  exercise  wben  ao 
increased  volame  of  air  is  breathed  and  a  larger  volnme  of  CO, 
expired  than  in  a  state  of  repose.  It  has  been  shonn  in  my  last 
paper  that  the  mean  volume  of  oxygen,  absorbed  (not  transformed 
into  CO]),  at  all  events  within  a  few  minutes  (from  15  to  18  minates) 
after  exercise  has  commenced,  is  the  same  as  in  the  state  of  repoee, 
or  nearly  so ;  this  I  have  confirmed  by  more  recent  ezperimenta, 
which,  however,  are  not  included  Jn  the  present  work.  The  inoreased 
action  of  the  respiratory  muscles  under  exercise  is  involuntary,  iia> 
attended  with  fatigue,  and  differs  in  these  respects  from  forced 
breathing.  Again,  in  muscular  exercise  there  is  no  apncea  or  reaction 
after  the  exercise  is  an-ested;  on  assuming  &  state  of  repose  the 
breathing   continues  for  a   short  time  much  the   same  as  during 
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exercise,  and  then  gradnallj  retiims  to  the  normal.  This  "  after 
stage  "  of  mnscnlar  exercise  is  attended  with  a  feeling  of  breathless. 
ness,  due  mainly  to  the  CO3  accnmnlated  in  the  blood  during  exeixsise. 
By  increased  expansion  of  the  lungs,  it  soon  finds  its  way  into  the 
air  inspired,  and  is  thus  removed  from  the  blood. 

The  tracing  obtained  on  the  chart  for  muscular  exercise  is  steeper 
than  that  for  breathing  in  the  state  of  repose ;  on  the  person  under 
experiment  assuming  the  recumbent  posture  in  an  armchair,  the 
tracing  will  be  observed  to  be  somewhat  prolonged,  then  it  straightens, 
parallel  with  the  tracing  for  breathing  in  repose. 

In  none  of  these  curves  are  there  any  signs  of  the  reaction  of 
forced  breathing. 

Muscular  exercise  of  every  kind,  including  singing,  reading,  talk- 
ing, laughing,  weeping,  gives  the  8ame  kind  of  tracing  on  the  chart, 
though  of  course  more  or  less  steep,  as  will  be  seen  in  the  accom- 
panying curves.  But  in  such  kinds  of  exercise  as  singing,  reading, 
talking,  <&c.,  which  are  not  followed  by  breathlessness,  it  will  be  seen 
that  the  curve  is  either  not  prolonged  at  all,  or  but  very  slightly 
after  the  exercise  is  over,  returning  quickly  to  the  normal ;  and 
showing  that  in  these  cases  the  COt  is  emitted  as  fast  as  it  is  formed, 
or  nearly  so,  little  or  none  being  detained  in  the  blood. 

There  are  passive  forms  of  exercise  which  also  increase  the  volume 
of  air  breathed  and  produce  an  excess  of  carbonic  acid,  such  as 
friction  of  the  skin,  and  cutaneous  irritation.  On  the  author's  bare 
legs  being  rubbed  hard  by  two  persons,  the  volume  of  air  ho  expired 
increased  per  minute  from  3'892  litres  to  4*441  litres,  and  the  volume 
of  COj  from  182'6  c.c.  to  208*6  c.c.  It  may  be  therefore  concluded 
that  '*  shampooing "  is  really  a  form  of  exercise,  as  it  must  be  pro- 
ductive of  increased  combustion'.  The  application  of  a  mustard  leaf 
to  each  leg,  causing  a  powerful  degree  of  smarting,  gave  rise  to  a 
similar  effect  on  the  respiration;  the  volume  of  air  breathed  was  in- 
creased per  minute  in  one  experiment  from  4*719  litres  to  5*099 
litres,  and  the  CO,  from  189*4  c.c.  to  226*7  c.c. 


Breathing  under  the  Influence  of  the  Will. 

The  fourth  form  of  breathing  is  while  under  the  influence  of  the 
tcill.  It  had  occurred  to  me  to  inquire  whether  the  will  without 
muscular  exercise  was  attended  with  an  increased  volame  of  air 
breathed  and  a  simultaneous  excess  of  COa  expired.  The  experi- 
ment was  carried  out  as  follows.  The  person  under  experiment 
rested  for  a  while  in  the  recumbent  posture  in  the  deck  chair,  and 
then  expired  naturally  into  the  bell- jar  connected  with  the  recording 
instrument,  thus  a  tracing  of  his  normal  breathing  was  obtained. 
Then  he  commenced  applying  the  will  as  he  thought  beat^  eithex  \q 
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rarry  a  heavy  weight,  or  to  run  up  hill  pnrsning  another  person,  or 
to  ride  a  bicycle  np  hill,  or  in  any  other  form,  care  being  taken  to 
keep  the  mnscles  absolutely  at  rest,  when  the  result  was  invariably 
an  increase  in  the  volume  of  air  expired,  as  shown  in  the  chart.  On 
suddenly  dropping  the  influence  of  the  will,  and  relapsing  into  the 
usual  state  of  mind,  a  slight  reaction  was  visible  on  the  chart  re- 
calling forced  breathing.  The  line,  however,  is  straighter,  and 
nearly  free  from  the  after  rise  observed  in  forced  breathing,  thus 
exhibiting  a  slight  tendency  to  the  form  of  curve  peculiar  to  breathing 
under  exercise. 

Let  us  now  inquire  more  closely  into  the  present  form  of  breathing. 
The  moment  the  will  is  applied,  as  stated  above,  there  is  an  increase 
in  the  volume  of  air  breathed.  What  is  the  reason  of  this  pheno- 
menon ?  It  must  result  from  one  of  two  different  cau.ses  or  from 
both — either  an  increased  demand  of  oxygen  by  the  blood,  or  the 
acquii'ed  habit  of  breathing  more  air  while  under  an  exercise  which 
is  itself  controlled  by  the  taill.  The  increased  action  of  the  respiratory 
mnscles  when  influenced  by  an  effort  of  the  will  is  absolutely  atUo- 
mafic;  there  is  no  strain,  no  effort  of  any  kind  recalling  forced 
breathing.  Together  with  a  greater  volume  of  air  breathed  per 
minute  we  observe  a  marked  increase  of  COi  produced  and  expired 
— an  increase  which  amounts  to  a  mean  of  20*9  c.c.  per  minute.  These 
20*9  c.c.  of  COa  can  only  be  due  either  to  increased  labour  in  the  act 
of  breathing,  or  increased  combustion  from  the  effect  of  the  will,  or 
to  both  these  causes.  The  increased  respiratory  labour  which  is  un- 
conscious and  unattended  with  fatigue  must  be  very  slight,  and  to 
my  mind  cannot  account  for  20*9  c.c.  of  COa  p^r  minute ;  moreover, 
if  the  fact  be  taken  into  account  that  the  increased  volume  of  air 
breathed  under  an  efibrt  of  the  will  points  distinctly  to  a  demand 
of  oxygen  from  the  air  by  the  blood,  and  an  increased  production  of 
COj  which  has  to  be  emitted,  we  shall  be  more  and  more  convinced 
that  volition  (powerfully  exerted)  is  productive  of  carbonic  acid. 

If  we  now  turn  our  attention  to  the  graphic  illustration  of  breath- 
ing under  a  strong  exertion  of  the  will,  we  observe  that  the  apncea 
is  somewhat  less  marked  than  in  forced  breathing,  the  curve 
straightening  and  thus  approaching  that  of  respiration  under  mus- 
cular exercise. 

Taking  into  account  the  whole  of  the  above  considerations,  it 
appears  to  me  that  we  are  justified  in  concluding,  as  it  were  from 
circumstantial  evidence,  in  the  absence  of  direct  proof,  that  oxygen 
is  absorbed  and  carbonic  acid  formed  in  the  body  from  the  mental 
effort  of  the  exertion  of  the  will.  A  remark  falls  from  Dr.  Vanghan 
Harlcy,  in  a  recent  paper  on  "  The  Value  of  Sugar  and  the  e^eot  of 
Smoking  on  Muscular  Work"*   in  keeping  with  the  foregoing  ob- 
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seryation.  He  noticed  that  if  he  thought  abont  the  exercise  to 
which  he  was  going  to  apply  his  fingers,  the  maximum  power  was 
obtuned  at  the  very  outset.  The  reason  of  this  observation  is 
obvions.  The  exercise  of  the  will  caused  him  to  take  into  his  lun^s 
an  increased  yolame  of  air,  and  on  that  account  he  was  the  bettar 
prepared  for  the  exercise  the  moment  it  was  commenced. 

Professor  Ramsay,  of  University  College,  kindly  consented  to 
submit  to  the  experiment,  and  others  were  made  on  myself  and 
Mr.  Floris.  These  experiments  all  give  the  same  result,  that  breath- 
ing under  the  influence  of  the  will  is  a  phenomenon  attended  with 
an  increased  volume  of  air  breathed,  and  a  greater  volume  of  car- 
bonic  acid  expired. 

The  results  of  these  experiments  are  given  in  the  following 
table : — 

Breathing  under  the  Influence  of  the  Will. 

Per  minute. 


PenoDt  under 
experiment. 

VoL  air 
expired 
normal. 

Vol.  air 

expired 

under  wilL 

CO, 

expired 
normal. 

CO, 

expired 
under  will. 

Time  the 
will  was 
applied. 

Prof.  Bamaay . 
Author 

n        ••••••• 

w        •• 

3Cr.  Ploris .... 

Aathor 

Mr.  Flori« .  •  • . 
Aathor. 

litres 
8-608 
8-910 
4-178 
8*948 
8*886 
4*859 
8-472 
4-347 

litres 
4078 
4*845 
4*478 
4  160 
4-500 
4-958 
8-747 
5-862 

grams  c.c. 
148  0 
182-3 
171-4 
156-8 
166-8 
186  0 
185-4 
190-9 

grams 
168-9 
208-5 
188  1 
169-3 
205-4 
205-6 
200  0 
214-0 

m.  sec. 
2     35 

2     25 
2     18 

2       0 
1       0 
4       0 

JUtfuif 

8*912 

4-458 

173-4 

194*8 

— 

If  ean  increase  in  vol.  air  expired  per  min 0*541  litre. 

Mean  increase  in  COf  expired           „          ....   20'9  c.c. 

The  well  known  interesting  experiment  of  Professor  Mosso,  of 
Tnrin^  might  be  here  recorded,  which  demonstrates  in  the  most  con- 
dnsiye  manner  that  the  brain,  from  fatigue,  loses  its  power  to  excite 
mnscular  contraction ;   this  experiment  also  favouring  the  conclusion  ' 
that  brain  work  is  attended  with  combustion. 

The  following  is  a  summary  of  the  present  inquiry : — 
There  are  four  distinct  forms  of  breathing,  which   include  every 
TMietj  of  respiration. 

1.  Natural  breathing  in  the  state  of  repose. 

2.  Forced  breathing : — a  voluntary  increased  action  oi  tViQ  X^ior^a^vivV^ 
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muRcles  attended  with  fatigne  and  with  an  expiration  of  carbonic 
acid  increased  beyond  the  normal.  This,  however,  is  due  mainly  to 
the  displacement  of  carbonic  acid  present  normally  in  the  blood,  a 
small  proportion  of  COj  only  being  the  result  of  the  work  done  by 
the  action  of  the  muscles  concerned  in  the  forced  respiration.  A 
sudden  return  from  forced  to  normal  breathing  in  repose  is  attended 
with  an  involuntary  doable  reaction,  thet  first  being  a  respiratoiy 
pause,  and  the  second  a  slight  increase  of  the  respiration  more  or 
less  marked  according  to  the  intensity  of  the  first  reaction  and 
merging  into  natural  breathing. 

8.  Respiration  under  exercise,  exhibiting  characters  shown  in  the 
tracings,  and  in  other  respects  described  in  a  previous  paper. 

4.  Breathing  in  a  state  of  muscular  repose  while  under  the  influence 
of  a  strong  effort  of  volition.  The  characters  of  this  form  of  respira- 
tion partake  of  breathing  under  muscular  exercise  and  of  forced  breath- 
ing. Like  breathing  during  exercise,  the  volume  of  air  respired  is 
increased,  and  the  action  of  tlie  respiratory  muscles  is  automatic  and 
unattended  with  any  fatigue,  while  there  is  an  elimination  of  an 
increase  of  C02.  Like  forced  breathing,  on  releasing  the  influence 
of  the  will  theie  is  a  slight  reaction  or  pause,  but  it  is  distinctly  less 
marked  than  after  forced  breathing,  and  the  following  after  stag^ 
observed  in  forced  breathing,  is  barely,  if  at  all  perceptible.  From 
these  circumstances  it  is  concluded,  thoagh  as  it  were  from  circum- 
stantial evidence,  that  volition  strongly  exerted  is  productive  of  the 
formation  of  carbonic  acid. 

The  second  form  of  breathing,  or  forced  expiration,  includes  sneez- 
ing, sighing,  and  yawning. 

The  third  form  of  breathing,  or  under  exercise,  includes  what  may 
be  called  vocal  breathing,  or  reading,  talking,  singing,  weeping, 
laughing,  shouting,  and  coughing.  In  these  instances  there  is  but 
little  or  no  CO2  absorbed  in  the  blood  as  it  is  given  out  as  the  exercise 
proceeds. 

The  fourth  form  of  breathing  may  be  considered  as  including  every 
kind  of  mental  exertion. 

Finally,  the  different  forms  of  breathing  may  assist  or  clash  with 
each  other.  Thus  forced  breathing  assists  breathing  under  exercise, 
especially  when  repose  follows  exercise. 

Forced  respiration  may  clash  with  vocal  respiration  as  shown  by 
the  difficulty  experienced  in  talking  or  singing  immediately  nfter 
forced  breathing. 

Appendix, 

An  explanation  is  wanted  with  reference  to  the  production  of  hmi 
required  for  the  labour  of  forced  breathing.  It  might  be  objected  in 
accordance  with  the  statement  of  Hirn,  in  his  book  on  the  *'  Mecbani- 


On  the  different  Forms  of  Breathing. 


109 


cal  Theoiy  of  Heat,"  that  the  heat  emitted  bj  an  animal  should  be 
measured  bj  the  amount  of  osygen  consumed,  while  I  look  upon  tbis 
heat  as  due  exclusively  to  the  CO^  produced. 

The  fact  contained  in  mj  last  paper  that  the  mean  volume  of 
oxygen  absorbed  (not  transformed  into  CO3)  in  exercise,  is  the  same 
as  that  absorbed  in  the  state  of  rest,  shows  clearly  that  the  oxygen 
absorbed  is  not  concerned  in  the  production  of  heat  necessary  for 
muscular  exercise. 

IQj  an  inspection  of  the  following  table,  it  will  be  clearly  seen  that 


Oxygen  absorbed  and  Carbonic  Acid  Expired  at  Best,  Normal  and 

Forced. 

The  Author  under  Experiment. 


Normal  in  repoee. 

Under  forced  breathing. 

CO)  expired. 

Oab- 

sorbed. 

0  oon- 
811  med. 

CO,  ex- 
pired. 

Oab- 
sorbed. 

0  con- 
sumed. 

c.e. 
203*8 
192-1 
191-1 
159-7 
200-2 

CO. 

66*6 
34*9 
34*6 
47*9 
45*0 

CO. 

259-4 
227-0 
225-7 
207-6 
245-2 

CO. 

311-8 
262-1 
245*6 
204*0 
240*9 

cc 

nU 

11 -2 

14-0 

45-6 

6-4 

CO. 

352-0 
273-3 
259*6 
249-6 
247-3 

Meant..      189*2 

43-6 

233-0 

253  0 

15*4 

272*0 

Mr.  Florifl  under  Experiment. 

CO. 

209-6 
215-4 
187  8 
198-2 
189*5 

C.C 

36-7 
39-0 
12-7 
16*9 
10-1 

cc 
245-3 
254*4 
200-5 
210  1 
199-6 

cc. 
251-1 
270-0 
229*6 
248*0 
284*4 

CO. 

3  1 
35*8 

nil 
16*6 

5*6 

cc 
254*2 
305-8 
225*5 
264-6 
240*0 

Means..     199*1 

22-9 

222*0 

246*6 

12*2 

258-0 

the  oxygen  ''  absorbed  "  (not  transformed  into  C02)  under  forced 
breathing  was  very  much  less  than  that  absorbed  in  natural  respira- 
tion^ instead  of  being  in  excess,  as  might  have  been  expected  if  the 
oxygen  "  absorbed  **  was  concerned  in  the  production  of  the  heat  re- 
quired for  the  labour  of  forced  breathing.  Subsequent  inrestigation 
showed  that  the  reduction  of  the  oxygen  '*  absorbed  '*  in  forced  breath- 
ings was  due  to  the  fact  that,  althoagh  the  COs  had  returned  to  the 
normal  in  the  above  experiments,  still  the  0  '' absorbed*'  ^qla  ^ox\> 
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of  ita  normal  figure ;  by  prolonging  the  experiment  this  figare  was 
recovered,  or  very  nearly  so. 

The  following  is  a  list  of  the  curves  on  the  charts  which  accom- 
pany this  paper : — 

Forced  Breathing, 
The  Author.         Normal,  forced,  and  reaction. 

Breathing  under  Exercise, 

The  Author,  I.     Normal,  exercise,  and  after  stage,  and  forced  to 

compare  with  exercise. 
Mr.  Floris,     2.     Normal,  reading  aloud,  and  after  stage. 
„  3.     Normal,  laaghing,  and  after  stage. 

Breathing  under  the  influence  of  the  Will, 

Mr.  Floris,    1.     Normal,  will,  and  after  stage.     Forced  breathicg 

to  imitate  will  and  after  stage. 
The  Author,  2.     Normal,  will,  and  after  stage,  exercise  and  after 

stage. 
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Breathing  under  Exercise  (stepping),  compared  with  Forced  Breathing. 
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Mr.fUtrii. 


2. — Breathing  under  ExerciBe  (reading  aloud) 


*v*                       1>A 

-BaXATHU 

irim-                     >*>] 

r*--                  *jr*-r-^ 

aa 

iUm. 

ai 

ao 

ao 

n 

3t 

m 

St. 

n 

SI 

N 

AA.  normal  n 

'BpirattoiXf  atad 

<!/'  re«r. 

M 

M 

BC  Air  expir 

id  while  rtadir 

f^' 

It 

M 

en. 

a/ttr 

re€ufi/ip. 

M 

as 

n 

n 

n 

n 

n 

M 

m 

M 

J-^ 

It 

m 

y^ 

It 

n 

y 

n 

m 

A 

m 

y 

u 

M 

y 

M 

m 

X 

D 

n 

C  J^ 

y 

0 

n 

11 

10 

» 

y 

y 

/        y 

^r^ 

X       ^ 

f^ 

^ 

y  y 

/  y 

1 

/-^ 

-2 

/I  • 

1       1       I 

^■\ «. *„--rj.^ 

l'^ 

lU 


Dr,  W.  Maxcet. 


3. — Breathing  under  Exercise  (laugliing). 


Mr.  Flor.«. 
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1. — Breatbing  under  the  Influence  of  the  "  Will,"  with  Forced  Breathing  to  imitate 

"  Will." 


BUEATHIirO  CBAIT. 
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2. — Breathing  under  the  Influence  of  the  Will,  with  Breathing  under  Exercise. 
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**  On  the  Absorption  Spectra  of  Dilute  Solutions."  By  Thos. 
EWAN,  B.Sc,  Ph.D.,  1851  Exhibition  Scholar  in  Chemistry 
in  the  Owens  College.  Communicated  by  Professor  H.  B. 
Dixon,  F.R.S.    Received  April  7,— Read  June  21,  1894. 

The  changes  which  occur  in  the  colour  of  a  solution  when  its  con- 
centration is  changed,  are  closely  connected  with  tbe  simultaneous 
changes  which  occur  in  the  molecular  condition  of  the  dissolved  sub- 
stance, and  a  study  of  these  changes  of  colour  may  be  expected  therefore 
to  furnish  valuable  information  as  to  the  molecular  condition  of  the 
dissolved  body.  In  a  paper  published  in  the  *  Philosophical  Magazine ' 
for  1892,  I  described  some  experiments  on  the  absorption  spectra  of 
solutions  of  copper  salts,  which  were  made  from  this  point  of  view.  It 
was  found  that  with  increasing  dilution  the  spectra  of  the  different 
salts  examined  tended  to  become  the  same.  The  solutions  experi- 
mented with  were,  however,  tolerably  concentrated,  which  makes  the 
interpretation  of  the  results  difficult,  as,  according  to  Kundt's  rule, 
the  absorption  spectrum  of  a  substance  varies  to  some  extent  with 
the  dispersive  power  of  the  solvent  in  which  it  is  dissolved,  and, 
therefore,  when  working  with  strong  solutions  there  is  always  the 
possibility  that  a  change  in  the  absorption,  produced  by  changing 
the  concentration  of  the  solution,  may  be  due  to  the  alteration  in 
dispersive  power.  In  order  to  avoid  this  uncertainty,  I  have  con- 
fined my  attention  almost  exclusively  to  dilute  aqueous  solutions. 
In  such  solutions — differing  very  little  from  pure  water — a  change 
in  colour  can  only  be  ascribed,  according  to  our  present  knowledge, 
to  some  change  in  the  nature  of  the  dissolved  substance,  and  there- 
fore definite  information  as  to  the  latter  may  be  obtained. 

A  very  large  number  of  observations  on  the  spectra  of  dilute  solu- 
tions of  salts  of  the  same  metal  with  different  colourless  acids  and 
of  the  same  acid  with  different  colourless  metals  have  been  made  by 
Ostwald  (*Zeit.  Phys.  Chem.,'  9,  579,  1892).  He  mtasiired  the  posi- 
tion  of  the  absorption  bands  in  the  spectra,  and  also  photographed 
them.  Both  methods  of  observation  showed  that  the  absorption 
spectra  of  all  salts  containing  the  same  coloured  metal  or  acid  were 
identical.  This  is  a  necessary  consequence  of  the  electrolytic  disso- 
ciation theory  of  Arrhenius.  For  at  the  concentrations  employed, 
the  salts  being  almost  completely  dissociated  into  their  ions,  the 
colour  of  all  the  salts  containing  the  same  coloured  metal,  for  example, 
will  be  due  to  the  same  ion. 

As,  however,  no  photometric  measurements  of  the  absorption 
spectra  of  very  dilute  solutions  have  been  made  from  this  point  oE 
view,  I  thought  it  not  superfluous  to  make  a  series  of  measurements 
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with  solutions  of  copper  salts.  It  was  found  that  the  solutions  of 
copper  bromide,  chloride,  nitrate,  and  sulphate  possess — within  the 
limits  of  experimental  error — the  same  absorption  spectrum,  while 
that  of  copper  acetate  is  different.  The  difference,  howeirer,  dimin- 
ishes with  decreasing  concentration. 

The  absorption  spectrum  of  the  dilute  solutions  of  copper  salts 
differs  but  little  from  those  of  concentrated  solutions  of  copper 
sulphate  and  nitrate,  although  in  the  latter  the  salts  are  onlj  partly 
dissociated  into  their  ions,  and  in  the  former  much  more  completely. 
Observations  of  a  similar  nature  have  led  Magnanini*  to  express  the 
opinion  that  the  absorption  spectrum  of  a  substance  in  solution  is  to 
be  regarded  as  independent  of  the  extent  to  which  it  is  electrolytically 
dissociated.  A  more  probable  explanation  is,  as  Ostwald  has  pointed 
out,  that  the  absorption  spectrum  of  the  undissociated  molecule  is 
very  nearly  the  same  as  that  of  the  ions,  and  therefore  a  change  in  the 
degree  of  dissociation  will  produce  little  alteration  in  the  spectrum.. 

A  case  in  which  the  absorption  of  the  undissociated  molecnle  dif- 
fe]*s  considerably  from  that  of  its  ions  was  also  investigated  by 
Magnanini-t  Solutions  of  the  salts  of  violnric  acid,  in  which  the 
8alt  is  almost  completely  dissociated,  possess  a  violet  colour;  while 
Magnanini  found  the  solutions  of  the  free  acid  to  be  nearly  colour- 
less, although  some  8  per  cent,  of  the  acid  was  dissociated  into  its 
ions.  J.  Wagner,J  however,  did  not  succeed  in  obtaining  colourless 
solutions  of  the  acid.  He  foand  that  they  had  the  same  colour  as 
the  solutions  of  the  salts,  and  a  comparison  of  the  intensity  of  colour 
in  a  solution  of  the  free  acid  and  in  one  of  the  sodium  salt,  showed 
that  the  intensity  of  the  colour  was  nearly  proportional  to  the  number 
of  ions  present. 

In  dinitrophenol  I  have  found  another  case  of  this  sort.  The 
solution  containing  only  undissociated  molecules  is  almost  colourless, 
while  solutions  containing  dissociated  molecules  are  bright  yellow. 
From  the  measurements  of  the  absorption  spectra  of  these  solutions 
I  have  been  able  to  calculate  the  fraction  of  the  dinitrophenol  disso- 
ciated into  its  ions  at  different  concentrations,  and  the  numbers  so 
obtained  are  in  very  satisfactory  agreement  with  those  calculated 
from  the  electrical  conductivity. 

Besides  the  changes  of  colour  which  may  be  ascribed  to  the  electro- 
lytic dissociation  of  the  dissolved  substance,  changes  of  colour  occur  in 
consequence  of  its  hydrolysis  by  the  water.  As  an  example  of  this  kind 
of  change,  I  have  studied  the  ferric  salts,  especially  ferric  chloride. 
The  results  are,  however,  more  complicated  than  those  obtained  with 

*  Magnanini,  *  Rendic.  Aco.  Lincei,'  (5),  vol.  2,  p.  17,  1893;  Magnanini  and 
BenlivogUo,  *  Rendic.  Ace.  Lincei,*  rol.  7,  p.  356,  1891. 
t  *  Zeit.  Phys.  Chem.,'  vol.  12,  p.  E6,  1893. 
X  Wagner,  *  Zeit.  Pbys.  Cham.,'  vol.  12.  p.  314,  1893. 
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bodies  which  are  only  electrolytically  dissociated,  and  it  will  be  better 
to  consider  them  along  with  the  experimental  numbers.  Changes  of 
colour  may  also  be  due  to  the  breaking  np  of  polymeric  molecules  into 
smaller  ones.  It  was  found  that  solutions  of  colloid  ferric  hydroxide, 
obtained  by  dialysis,  absorb  less  light  than  those  obtained  by  the 
hjdrolytic  decomposition  of  ferric  chloride,  and  in  this  case  there  is 
Rome  reason  to  suppose  that  the  dialysed  hydroxide  consists  of  larger 
molecular  groups,  than  that  formed  in  the  very  dilute  solution  of 
ferric  chloride. 

Apparatus  Employed, 

The  measurement  of  the  quantity  of  light  of  given  wave-length 
which  is  absorbed  by  a  substance  in  very  dilute  solution,  is  not 
very  easy.  In  order  to  compensate  for  the  small  absorbing  power  of 
the  solutions,  it  is  necessary  to  employ  long  layers  of  them,  and  this 
makes  it  almost  impossible  to  use  a  spectrophotometer  such  as  that 
of  Vierordt.  The  apparatus  shown  in  tig.  1  was  therefore  put 
together.*  Both  for  advice  and  assistance  in  its  construction,  and 
for  the  loan  of  valuable  apparatus,  I  am  much  indebted  to  Professor 
A.  Schuster,  F.R.S.  My  thanks  are  also  due  to  the  Government 
Grant  Committee  of  the  Royal  Society,  who  provided  me  with  the 
means  of  obtaining  several  pieces  of  apparatus. 

Fig.  1  is  a  diagramatic  representation  of  the  arrangement  of  the 
parts  of  the  apparatus  as  seen  from  above. 

It  consists  of  a  collimator  A,  with  two  lenses,  a  and  h,  of  20  in. 
focal  length,  which  are  both  filled  with  light  from  the  slit  c.  The 
flonrce  of  light  was  an  incandescent  *'  Auer  "  lamp  ;  and  in  order  to 
distribute  the  light  more  evenly  a  plate  of  ground  glass  was  intro- 
dneed  between  the  lamp  and  the  slit.  When  it  was  desirable  (as  in 
the  violet  and  extreme  red  ends  of  the  spectrum)  to  obtain  a  stronger 
illumination  this  was  removed.  The  parallel  beam  of  light  from  the 
lens  a  passes  through  the  solution ;  that  from  b  was  used  as  the 
standard  of  comparison ;  the  object  of  using  only  one  source  of  light 
being  to  keep  the  ratio  between  the  brightness  of  these  two  beams 
constant.  The  solutions  were  contained  in  tubes  which  rested  on 
T-shaped  supports  capable  of  sliding  along  the  bar  C,  D,  which  was 
clamped  to  the  board  on  which  the  appai*atas  rested,  and  which 
^owed  of  a  horizontal  adjustment  of  the  position  of  the  tube.  The 
T-snpports  allowed  of  a  vertical  adjustment.  The  ends  of  the  tubes 
-were  ground  as  nearly  as  possible  parallel  to  each  other,  and  closed 
by  plates  of  glass  which  were  simply  pressed  against  the  ground  ends, 
no  cement  or  washer  being  necessary.     The  tubes  were  34 — 5  mm. 

*  A  doMsription  of  a  very  tiniilar  instrument  by  Lummcr  and  Brodhun  appeared 
in  the  '  Zeitsohrift  fClr  InBtrumentenknnde/  1892,  p.  133,  when  my  apparatus  was 
rly  oomplettd. 
VOL.  LYU.  ¥. 
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internal  diameter,  and  tbe  longest  (length  =  1  metre)  was  provided 
with  five  rings  of  ebonite  (2 — 3  mm.  wide),  distributed  at  eqnal  dis- 
tances alopg  its  inside  in  order  to  prevent  reflexion  from  tbe  walls. 
The  shorter  tabes  were  provided  wiih  black  paper  rings  at  their  ends 
for  this  purpose.  After  passing  through  the  solutiou,  the  light  is 
reflected  internally  by  a  right-angled  flint-glass  prism  £,  and  falls  on 
the  Lummer  and  Brodhun  prism  F.*  The  construction  of  this 
photometric  prism  has  been  described  minutely  by  Lummer  and 
Brodhun  ('  Zeitschrift  fiir  Instrumentenkunde,'  1889,  p.  461 ;  and 
1892,  p.  46).  It  consists  of  two  right-angled  prisms,  ground  and 
polished  together  on  their  hypothenuse  surfaces,  and  held  together  as 
shown  in  fig.  2.  Certain  parts  of  the  surface  of  one  prism  are  removed, 
at  a,  a  for  example,  so  that  the  light  coming  from  E  is  totally  reflected 
at  the  surfaces  a,  but  transmitted  at  5.  The  light  from  lens  h  is  only 
transmitted  at  the  surfaces  b.  Consequently,  an  eye  placed  at  0  sees 
the  surface  &,  6,  b,  a,  a,  illuminated  on  the  parts  marked  a  by  light 
from  £,  and  on  the  parts  b  by  light  from  the  lens  b.  The  measure- 
ment then  consists  in  varying  the  brightness  of  the  light  coming 
from  lens  6,  until  the  brightness  of  the  different  surfaces  is  the  same. 
By  means  of  glass  plates  at  d,  d  (fig.  2),  a  reading  by  equal  contrast 


Fig.  2. 


between  two  pairs  of  surfaces  of  somewhat  different  brightness,  can 
also  be  made  at  the  same  time.  For  the  details  of  this  arrangement, 
liowever,  I  must  refer  to  Lummer  and  Brodhun's  original  papers. 

The  variation  of  the  intensity  of  the  light  from  lens  b  was  pro- 
duced by  means  of  the  rotating  sector  described  by  Abney  ('  Phil. 
Mag.,'  vol.  27,  p.  62,  1889).     The  sector  was  made  by  Mr.  A.  Hilger. 

After  passing  through  the  prism  F,  the  two  beams  of  light  follow 
the  same  path  through  the  two  colourless  flint-glass  prisms  G  and  I  (one 
of  60^,  the  other  45°).    The  lens  g  then  throws  the  spectrum  thus  pro- 


*  It  was  made  by  Metsn.  Schmidt  and  Haensoh,  of  Berlin. 


)Ll 


122  Dr.  T.  Ewan.     On  the 

daced  on  to  tbe  slit/.  The  tube  K  can  be  rotated  ronnd  the  centre 
of  tbe  iron  table  (represented  in  the  figure  by  a  circle ;  it  was  part  of 
a  large  Steinheil  spectroscope),  and  thns  the  slit /can  be  made  to  cat 
oat  portions  of  any  desired  wave-length  from  the  spectrnm.  The  eye 
placed  behind  the  slit  then  sees  the  surface  of  the  photometer  prism 
in  the  colour  of  the  part  of  the  spectrum  which  is  allowed  to  pass  by 
the  slit.  Both  slits  were  provided  with  micrometer  screws,  the  heads 
of  which  were  divided  into  100  parts,  and  one  whole  torn  of  which 
opened  the  slit  0*5  mm.  The  axle  round  which  the  telescope,  K, 
turns  ended  below  the  table  in  a  small  mirror,  which  turned  with 
the  telescope,  and  which  served  for  reading  its  position  by  means  of 
the  millimetre  scale  and  telescope,  MM.  The  wave-lengths  of  the  light 
passing  through  the  slit,  /,  were  measured  by  means  of  a  small  spec- 
troscope with  graduated  arc,  the  readings  of  which  were  converted 
into  wave-lengths  by  means  of  a  curve  drawn  from  readings  of  the 
positions  of  the  principal  Fraunhofer  lines.  The  lamp  was  enclosed 
in  a  blackened  box,  and  all  the  parts  of  the  apparatus  covered  as 
much  as  possible  by  blackened  screens.  In  the  later  measurements 
the  lamp  was  connected  with  a  gas  pressure  regulator,  as  variations 
in  the  gas  pressure  are  apt  to  cause  changes  in  the  ratio  of  the 
brightness  of  the  two  beams  of  light. 

A  difficulty  which  was  encountered  at  first  was  dae  to  the  ends  of 
the  glass  tubes  contaiuing  the  solutions  not  being  exactly  parallel. 
They  act  as  prisms  of  very  small  angle,  and  deflect  the  light  which 
passes  through  them  to  some  extent ;  so  that,  after  adjusting  the  two 
images  of  the  slit,  c,  which  are  formed  by  the  two  lenses,  a  and  6,  to 
fall  together  at/,  and  putting  in  the  tube  of  solution,  the  two  images 
no  longer  coincide.  The  light  coming  from  the  lens,  b,  is  unchanged, 
while  that  from  a  has  a  colour  difPeiing  from  that  which  it  had  at 
first.  It  was  therefore  necessary  to  have  some  method  of  adjusting 
quickly  and  accurately  the  two  images  to  fall  together.  This  was 
done  by  allowing  the  light  reflected  from  the  front  sarface  of  the 
prism,  O,  to  fall  on  a  mirror,  N,  from  which  it  was  reflected  into  the 
telescope,  O.  This  was  an  ordinary  telescope,  in  which  the  two 
images  of  the  slit,  c,  were  seen,  side  by  side,  as  two  bright  lines, 
which  could  easily  be  brought  to  coincidence  by  rotating  somewhat 
the  prism,  F.  A  glance  at  fig.  2  will  show  that,  by  a  small  rotation 
of  this  prism,  the  direction  of  the  light  from  the  lens,  6,  is  unchanged, 
while  that  of  the  light  from  a  is  changed  by  twice  the  angle  through 
which  the  prism  is  rotated. 

Tbe  careful  adjustment  of  the  appai*atus  was  also  necessary  in 
order  to  obtain  good  results.     This  was  done  briefly  as  follows  : — 

The  collimator  lenses  were  placed  at  their  focal  distance  from  tba 
slit,  r,  and  the  lamp  arranged  (the  g^und  glass  plate  being  removed) 
80  that  they  were  both  just  filled  with  light.     The  triangnlar  gronnd 
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glass  plate  on  which  the  prisms  stand  was  then  placed  as  nearly  as 
possible  horizontal,  and  the  prisms  adjusted  with  their  refracting 
edges  vertical  by  reflecting  the  light  from  the  slit,  c,  first  from  one 
sorfaoe  and  then  from  the  other  into  the  telescope,  K  (the  slit  of  this 
telescope  being  replaced  by  an  eye-piece  with  cross  threads)  until  the 
images  reflected  from  the  two  surfaces  were  seen  in  the  same  position. 
The  telescope,  K,  was  then  placed  horizontal,  and  the  collimator 
levelled,  so  that  the  images  of  the  slit,  c,  seen  in  the  telescope  were  in 
the  centre  of  the  field  of  view. 

The  right-angled  prism,  E,  was  then  pat  in  position  and  levelled, 
so  that  the  light  underwent  no  vertical  displacement  on  passing 
through  it.  The  Lummer  and  Brodhun  prism  is  next  treated  in  the 
same  way,  and  finally  the  two  refracting  prisms  are  put  in  position 
and  adjusted  to  minimum  deviation.  The  angle  at  which  the  light 
was  internally  reflected  in  the  right-angled  prism  was  in  my  apparatus 
43*^  30'.  As  the  critical  angle  for  flint  glass  is  37**  19'  there  was  no 
danger  of  the  internal  reflexion  being  incomplete.  Finally  it  was 
found  to  be  of  great  importance  that  the  light  should  pass  centrally 
through  the  tube  of  solution.  To  adjust  the  tube,  cross  threads  were 
attached  to  the  lens,  a.  This  was  conveniently  done  by  means  of  a 
brass  ring  which  just  slipped  over  the  tube  carrying  the  lens  to  which 
the  threads  were  attached.  A  card  with  a  pin-hole  in  it  was  set  up 
at  a  distance  of  about  a  metre  and  half  from  the  lens  in  such  a  posi- 
tion that  the  prolongation  of  the  line  joining  the  centre  of  the  slit, 
Cy  and  the  intersection  of  the  cross  threads  passed  through  the  pin- 
hole. The  tube  of  solution,  also  provided  with  cross  threads  at  each 
end,  was  then  placed  in  position  and  adjusted,  so  that,  on  placing  the 
eye  behind  the  little  hole  in  the  card,  the  intersections  of  all  three 
cross  threads  fell  together.  It  was  found  that  a  perfectly  satisfactory 
adjustment  could  be  got  in  this  way. 

Method  of  making  the  Readings, 

The  sector  being  open  to  its  full  extent,  the  brightness  of  the  two 
lights  was  arranged  by  putting  a  smoke-glass  plate  in  the  collimator 
at  (2,  so  that  the  comparison  light  was  a  little  brighter  than  the  other. 
The  width  of  the  slits  was  taken  as  small  as  was  consistent  with 
having  sufficient  light.  Five  readings  were  then  made  of  the  ratio 
between  the  intensities  of  the  two  beams.  The  tube  of  solution  was 
then  put  in  position,  the  two  images  adjusted  to  coincide,  and  five 
more  readings  made.  Then  the  readings  were  repeated,  the  tube 
being,  however,  the  second  time  placed  in  such  a  position  that  the 
deflection  of  the  light  was  in  the  opposite  direction ;  consequently 
the  tube  rotated  180^  round  its  long  axis. 

When  the  means  of  these  sets  of  readings  did  not  agree,  the  &d- 


124 


Dr.  T.  Ewan.     On  tlu 


jnstment  was  gererally  defectiye,  and  was  repeated.  As  tbe  apparatas 
was  not  very  rigid,  owing  to  its  size,  the  adjustments  had  to  be 
repeated  every  two  or  three  weeks.  That  of  the  tube  of  solution  was 
done  before  each  set  of  measurements,  and  the  wave-lengths  of  the 
light  were  read  after  each  day's  work.  The  following  readings  were 
made  on  a  solution  of  CuSOi  in  the  tube  1  meter  long ;  they  are  read- 
ings of  average  goodness,  and  will  serve  to  show  the  sort  of  differences 
which  occurred  between  the  single  readings.  The  numbers  given  toe 
the  openings  of  the  sector. 


Wave-length. 

Single  readings.                      Mean. 

1 

621—613  -5 

59-0,  57-8,  57-2,  58  9,  56*8 

11-8,  11-6,  11-8 

11  -2,  11  -5,  12  -0 

67-2,  59- 1,  58-4,  68-0,  57*9 

57  *94    aolution  out. 

11*53  '"^'^^^^^  ^- 

58  *12    solution  out. 

516— 510-5 

69-8,  71-8,  78-4,  72*0,  69  9 
61-8,  60-9,  62-6,  67 '0,  60*  1 
68-9,  59-3,  61-0,  68  0,  63  0 
72  0,  70  -9,  71  0,  71  -4,  72  -3 

71  *30    solution  oat. 

60-461     ,  ,.      . 
60-04  '•<>l"tionm. 

71  *52    solution  out. 

Reduction  of  Results, 

The  quantity  which  is  directly  measured  is  the  amount  of  light 
which  is  lost  by  passing  through  a  system  consisting  of  two  glass 
plates  with  a  layer  of  aqueous  solution  between  them.  In  order  to 
calculate  from  these  numbers  the  part  of  the  light  absorbed  by  the 
dissolved  substance,  it  is  necessary  to  allow  for  the  light  reflected  or 
absorbed  by  the  glass  plates  and  the  water.  To  obtain  the  neoessaiy 
formulaB,  I  have  applied  the  equations  given  by  Stokes  ('  Roy.  Soc. 
Proc.,'  vol.  11,  p.  545)  to  this  special  case  as  follows  : — 

Call  the  fraction  of  the  light  incident  on  the  glass  plate  from  air, 

,  and  the  same  quantity  when  the 


which  is  reflected  />  = '  ^ 


* i  )• 

ft  and  //  are  the  refractive  indices  for  air  to  glass  and  water  to  glass 
respectively.  And  suppose  that  a  fraction  (1  —  a)  of  the  light  is 
absorbed  by  passing  once  through  the  glass  plate.  Then,  allowing 
for  the  repeated  reflections  between  the  two  surfaoes  of  the  plate,  the 
quantity  of  light  (calling  its  original  intensity  =  1)  which  will  pass 
into  the  liquid  is 

f  _  (!-/>)  (l-^/>0« 


AbBOi'ption  Spectra  of  Dilute  Solutions,  125 

and  the  part  reflected  will  be 

If  the  light  is  incident  on  the  plate  from  the  liquid  instead  of  fi*om 
liir,  the  part  transmitted  will  be  the  same,  while  that  reflected  will 
be 


r'  =  p'  + 


l^arpp 


Xow  consider  in  the  same  way  the  layer  of  liquid  as  being  a  plate, 
the  end  surfaces  of  which  have  the  property  of  transmitting  a  frac- 
tion  t  of  the  light  incident  upon  them,  and  of  reflecting  parts  r  or  r\ 
according  as  the  light  is  incideut  externally  or  internally,  and  which 
further  transmits  a  part,  h  c,  of  the  light  which  passes  through  its 
whole  length  once.  Take  &  to  be  the  transmission  coefficient  for  the 
solvent,  and  c  that  for  the  dissolved  substance.  Then  the  part  of  the 
light  transmitted  by  the  whole  system  is 

T  = t^''  (1). 

T  is  the  quantity  which  is  directly  determined ;  from  it  we  have  to 
calculate  c.  6,  t,  and  r  are  determined  by  preliminary  experiments. 
The  values  of  t  and  r  depend  on  the  refractive  indices  of  the  glass 
plates  and  of  the  solutions.  The  solutions  used  were  all  so  dilute 
that  no  appreciable  error  is  made  by  using  the  same  values  for  t  and 
r^  as  are  found  for  pui*e  water. 

Having  found  the  value  of  c,  the  extinction  coefficient  ci,  for  the 
dissolved  body,  is  obtained  by  means  of  the  i*elation  —  logc  =  ti. 

The  calculation  of  c  from  equation  (1)  may  be  much  simplified  in 
the  following  wuy.     We  may  write  equation  (1)  : — 

f.c  =  |(l-(5c)V^). 

For  the  glass  plates  used  the  greatest  possible  value  of  (hcyr"^  was 

0*0023.     So  that  approximately  (he)'  =  ~j-,  from  which 

t 

T- 

or  €i  =  —  logc  =  log^6— logT  —  logM ^r") (2). 


Log  fh  only  depends  on  the  wave-length  of  the  light  used,  and  is  most 
conveniently  obtained  from  a  curve  drawn  once  for  all.     Also  —   is 
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almost  independent  of  the  waye-length,  and  may  be  regarded  as 

a  constant,   and  the  yalaes  of  log  (1  —  ~t^'^)  ^^  from 

in  wbicli  the  values  of  logT  are  taken  for  abscisssB.  The  wave- 
lengths and  valne  of  log  T  being  then  directly  determined,  the  calca- 
lation  of  e^  is  extremely  simple. 


TransinissmL  Coefficients  of  the  Glass  Flutes, 

The  plates  were  of  crown-glass  3*4  mm.  thick,  and  of  specific 
gravity  2*480.  Their  refractive  index  for  sodium  light  determined 
by  the  method  of  De  Chaulnes  was  1*525.  The  refractive  index  was 
assumed  to  vary  with  the  wave-length  in  the  same  way  as  that  of  a 
specimen  of  crown-glass  examined  by  Fraunhofer.* 

Measurements  were  made  of  the  light  transmitted  by  two  of  these 
plates  placed  one  behind  the  other,  with  the  results  contained  in  the 
following  table.  In  it  T  is  the  light  transmitted  by  the  two  plates, 
and  a  the  transmission  coefficient  for  3*4  mm.  of  the  glass  : — 


Table  T. 


Wttve-leugths. 


744    —698 -3 
(597*5—673 
676    —652 
653    —625-7 
595  -5—574  -3 
551  -6—538  -5 
519  -0—507 
483  *3— 473 
454  -2—440  -8 
433  -5-426  4 
418-0—411-0 


Mean  A. 


721-1 
685-2 
664-0 
639-3 
584-0 
545  0 
613-0 
478-1 
460  -5 
429-9 
414-5 


T. 


0*8561 
0*8578 
0*8642 
0-8465 
0-8451 
0-8470 
0-8486 
0-8874 
0-8266 
0-8248 
0-8214 


a. 


1*0040 
1-0006 
0-9999 
0-9998 
0-9989 
1-0009 
0-9901 
0-9959 
0*9900 
0-9800 
0-9870 


It  will  be  seen  that  to  a  wave-length  of  about  513  the  glass  was 
completely  transparent,  the  loss  of  light  on  passing  through  the 
plates  being  entirely  accounted  for  by  the  reflections  at  their  surfaces. 
A  small  absorption  of  light  appears  to  take  place  in  the  violet. 


Ahswption  of  Light  by  Water. 

As  is  well  known,  the  presence  of  dust  in  water  greatly  diminishes 
its  transparency.    In  order,  therefore,  to  get  the  water  as  free  as 

*  Its  specific  graritj  was  2*585  and  its  refractiTe  index  for  the  line  D  *b  1*529 
(see  Wfillner,  *  Experimental-Physik/  IT,  p.  157). 
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possible  from  dust,  ordinary  distilled  water  was  taken  and  distilled  a 
second  time  from  a  metal  can  with  block-tin  condenser,  the  first  third 
of  the  distillate  being  rejected.  This  water,  filled  immediately  into 
the  tnbe,  was  almost  free  from  visible  dnst  in  a  layer  1  m.  long.  It 
was  jnst  visibly  bine.  I  found  afterwards  that  water  filtered  through 
a  **  Chamberland  Pasteur  candle  *'  was  even  more  devoid  of  dust  than 
that  which  had  been  freshly  distilled,  and  some  measurements  were 
made  with  such  filtered  water.  There  was,  however,  no  noticeable 
difference  in  the  numbers. 

The  actual  measurements  of  the  light  transmitted  by  a  tube  of 
water  100*1  cm.  long  are  given  in  the  Appendix  Table  I.  A  curve 
smoothed  as  little  as  possible  was  drawn  from  these  numbers,  and 
the  values  of  T  in  Table  II  interpolated  from  it.     From  them  the 

values  of  the  extinction  coefiicient  for  1  cm.  of  water  (  e  =  —  _— ?^  ) 

\  lOO-l/ 

were  calculated. 

Table  II. 


Mean  X. 

T  (from  curve). 

<. 

(  (Hxifner  and 
Albrecht). 

730 

0-246 

0- 00567 

710 

0-37 

0-00390 

690 

0-51 

0  -00251 

680 

0  -5595 

0  -00210 

664-5 

0  -6105 

0-00173 

0  -00171 

631 

0  -6732 

0-00130 

0-00122 

602 

0-7075 

0  00109 

0.00109 

690 

0-705 

0  00070 

684 

0-814 

0-00048 

576-5 

Oa315 

0  00039 

0-00049 

651-5 

0-861 

0  00023 

0-00033 

627  • 

0-869 

0  00019 

0-00019 

606 

0-8728 

0  00016 

0-00018 

487 

0 -8737 

0  00014 

0-00016 

468 

0  -8727 

0-00012 

0-00012 

449 

0-868 

0-00012 

0-00012 

430 

0-8425 

0  00023 

415 

1 

0-815 

0  00035 

The  numbers  obtained  by  Hiifner  and  Albrecht  (*  Wied.  Ann.,'  vol. 
42,  p.  10, 1891)  are  also  included  in  the  table.  The  agreement  is  satis- 
factory except  at  wave-lengths  576*5  and  551*5.  Owing  to  this  lack 
of  agreement  I  repeated  the  measurements  in  this  part  of  the  spec- 
trum several  times,  but  never  found  such  large  absorptions  as  Hiifner 
and  Albrecht. 

In  fig.  3  the  values  of  c  are  plotted  against  the  wave-lengths.  The 
abeorption  diminishes  very  rapidly  between  the  solar  lines  A  andB^ 
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and  again  in  tlie  uoighbourfaood  of  D,  con'esponding  to  the  two 
absorption  bands  which  have  been  described  by  several  anthora.*  It 
19  also  noticeable  that  the  absorption  slightly  increases  in  the  violet 


SohUionn  of  Oupric  SalU. 

The  salts  nsed  were  cupi-ic  sulphate,  nitrate,  chloride,  bromide,  and 
acetate.  They  were  purified  cai-efnlly,  notwithstanding  which  the 
flolntious  made  by  dissolving  them  ia  water  were  not  snffidently  dear 
to  be  meaeared.  Filtration  through  fine  Swedish  filter  paper  only 
improved  them  a  little.  The  desired  freedom  from  snspended  par- 
ticles was,  however,  easily  obtained  by  filtration  through  poroos 
earthenware.  The  apparatos  shown  in  fig,  4  was  found  to  be  very  ood- 
venient,  as  it  allowed  of  two  or  throe  litres  of  a  solation  being  filtered 
without  requiring  any  attention.  A  and  B  are  ordinary  Winchester 
quart  bottles,  C  is  the  "  Chamborland  Faateur  candle."  The  solution 
to  be  filtered  is  contained  in  A.  B  is  evacuated,  and  the  apparatus 
left  to  itself  till  the  solution  has  filtered.  Two  litres  could  be  filtered 
in  an  hour,  or  leas  if  a  good  vacuum  was  kept  up. 

Tbe  solutions  measured  were  always  analysed  as  the  filtration 
changes  their  concentration  somewhat.  Two  methods  of  analysis 
were  used,  and  the  mean  result  taken. 

■  Scboun, ' Fogg.  Ann.  Ergz.,' 6,  p.  670, 1878;  Bu«sul  ud  Sapnik, ' Nmtmr,' 39, 
p.  36S,  ISSO;  ud  Soret  and  Sanuin, '.iirh.  de  Sc.  Fhji.  et  Nat,' toI.  11,  p.  327, 
IHU. 
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Fig.  4. 


(1.)  From  0*5  to  1  litre  of  the  solution  was  evapoiuted  to  dryness 
(with  a  little  hydrochloric  or  acetic  acid)  on  the  water  bath,  the 
i-esidue  dissolved  in  a  small  quantity  of  water,  excess  of  potassium 
iodide  added,  and  the  liberated  iodine  titrated  with  sodium  thio- 
sulphate  solution.  In  order  to  obtain  accurate  results  by  this  method 
the  cupric  solution  must  be  concentrated,  otherwise  the  reaction  with 
potassium  iodide  is  incomplete,  and  the  thiosulphato  solution  must  bo 
standardised  by  means  of  pure  CuSOi  in  exactly  the  same  way  as  it 
is  subsequently  to  be  used  in  the  analyses. 

(2.)  The  solutions,  without  evaporation,  were  titrated  with  potas- 
sium cyanide  solution  in  presence  of  ammonia.  Here  also  the  KCN 
solution  was  always  standardised  by  means  of  a  solution  of  CnSOi  of 
known  strength  before  using  it,  as  its  strength  changes  on  keeping. 
The  results  of  the  two  methods  agi*eed  satisfactorily. 

The  results  of  the  photometric  measurements  are  contained  in  Table 
II  Appendix.  In  order  to  be  able  to  compare  the  absorption  spectra 
of  the  different  solutions,  the  extinction  coefficients  g  for  the  dissolved 
substance  for  1  cm.  layer,  and  for  a  concentration  of  1  gram  molecale 
per  litre,  have  been  calculated  from  t^e  values  of  ei  given  by  equation  2 
(p.  125) .  The  extinction  coefficient  is  proportional  to  the  length  of  layer 

(Z),  and  to  the  concentration  (c),  so  that  e  =  -—-.    Yvom  these  valaes  of 

C.v. 

€  curves  were  drawn  (not  smoothed),  and  from  them  the  numbers  con- 
tained in  the  following  table  (Table  III)  were  interpolated. 

The  Roman  numerals  at  the  head  of  each  column  indicate  that  the 
figures  are  derived  from  the  experiment  similarly  numbered  in  the 
Appendix. 


130 


Dr.  T.  Ewan.     On  the 


e8 


o 


o 


H 


!      M 


OerHkO^*eC•-lOOO 

•       •••••»•• 

"^COtHOOOOOO 


CO  _ 


i-iQQ«-^aoooa  _ 
r^id^qdioQCsoM 


82 


o>  C 


ooo 


eoMWiHi-HOOOOCC  s 


1 1  1®^ 


-^  30  CO  c:  p  c. 

Oi  »0  OO  CO  *l  c 
cq  r-i  O  OC  <-; 


O  00 
WiHOOOOCCC 


O  O  00  CO  00  t«o 

I  I  I3:^S8S8S  I  I 

•  a  *  *  *  *  * 

.-I  r-i  O  O  O  O  O 


WfhOOOOOCO 


Qc^escot^oooQQo 

I  t«>0!|  00  04  O  6l  «^  O  C  C     . 

WOli-H^OOOOC© 


804  0>  to  00  O  X 
^•^  Q  01  I—  O 
I  t>e4  X  M  o  00  iH 


UJ  »H  »o 
•J  «  Q 

ooo 

OlOlrH^OOOOOOO 


o>e49]»oeooxQio^»o 
I  oocpOiOo^'Hkox^e^Q 
I  omxoocoeci-HOOoo 

•       •••••  •••• 

e^oii-i^ooooooo 


.  OdOje^kOeooxQtp^io 

I  00«D©001^»OX'^^0 
I  OScoXoo:ooO^OOOO 

O^N^fhOOOOOOO 


lO  ^  QD 
,  iM  '^  HF    , 

N  W  iH 


!    '    I 


I    I    I    I 


U3  X  O)  X  94  CO  ep  lO 

SQQ«OCpe409COOO^ 
3«iMaD<b^c4i-ios<r 
;ocO(ccotoi5k.otOkO^^ 


Absorption  Spectra  of  Dilute  SoltUions,  131 

In  some  cases  the  numbers  given  by  two  different  sets  of  measure- 
ments were  so  nearly  the  same  that  they  were  united  to  one  curve. 
This  was  the  case  with  CuSOi  III  and  II  and  part  of  the  numbers  for 
CuCl] ;  and  also  with  the  two  solutions  of  Cu(CsHs02)s  X  and  XI. 
Leaving  for  the  present  the  numbers  for  Gu(CaH30s)s  out  of  account, 
it  is  evident  that  the  differences  which  occur  between  the  numbers 
obtained  with  different  solutions  of  the  same  ssJt  are  as  great  as 
those  which  are  found  between  solutions  of  different  salts.  The 
absorption  spectra  of  the  four  salts  GUSO4,  CuClt)  Ca(N0s)2,  and 
CuBrj  must  accordingly,  in  the  concentrations  used,  be  regarded  as 
the  same. 

In  the  following  table  (p.  132)  the  means  of  the  above  numbers 
are  compared  with  the  numbers  which  I  formerly  obtained  (*  Phil. 
Mag/  [5],  vol.  33,  p.  317,  1892). 

These  numbers  show  that  the  absorptions  change  very  little  when 
the  solutions  are   diluted.      The  electrolytic  dissociation,  however, 
changes  considerably.   For  GuSOi  the  fraction  of  the  salt  electrolytic- 
ally  dissociated  increases  from  0*3 17  in  the  stronger  solution  to  0*494 
in  the  more  dilute.     For  GuCls  the  increase  is  from  0'634  to  0*920. 
That  the  change  in  dissociation  produces  very  little  change  in  the 
absorption  is  most  simply  explained  by  supposing  that  the  Gu'exist- 
in^  in  chemical  combination  with  other  atoms  in  the  solution  has  the 
9ame  absorption  spectrum  as  the  copper  ion.     In  the  case  of  CuGl2 
this  leads  to  a  result  of  some  interest.     For  the  concentrated  aqueous 
lolation  of  cupric  chlonde  and  also  its  alcoholic  and  ethereal  solu- 
tions are  brownish -green  in  colour,  and  as  these  solutions  doubtless 
•ontain  the  molecule  GnGIa  we  cannot  ascribe  to  it  the  same  absorp- 
lon  spectrnm  as  to  the  Gu  ion.     In  the  dilute  solutions  of  GuGlj 
camined,  therefore,  the  combined  part  of  the  copper  probably  exists 
.  the  form  of  the  ion  GuGl.     This  is  also  in  good  ag^reement  with 
e  observation  which  I  made  formerly  (*  Phil.  Mag.,'  1892)  :  that  the 
aid  change  in  the  absorption  spectrum  which  accompanies  the  dilu- 
n.  of  a  concentrated  solution  of  GnGU  ceases  when  the  concentra- 
1  reaches  a  value  lying  between  0*5  and  0'2  gram  molecules  per  litre. 
3  fractions  of  the  salt  dissociated  in  these  concentrations,  caJcu- 
d  from  the  electrical  conductivities  of  the  solutions,  are  0'41  and 
V4  respectively.     It  would  appear  thus  that  on  diluting  a  strong 
tion  of  cupric  chloride  the  GuGlj  molecules  first  dissociate  into 
ons  GuGl  and  GI,  and  that  the  dissociation  of  the  GuGl  ions  only 
\  place  to  any  considerable  extent  after  this  process  is  tolerably 
lete,  that  is,  after  the  dissociation  of  the  salt  has  reached  50  per 
This  behaviour  is  very  common  in  the  case  of  dibasic  acids,  of 
.  a  large  number  have  been  examined  by  Ostwald  ('  Zeitschrifi 
»ys.  Chem.,'  vol.  3,  pp.  186  and  280,  1889). 
'ill  be  seen  from  Table  III  that  the  extinction  coefficients  of 
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Kolations  of  copper  acetate  are  muck  larger  than  those  of  the  other  salts. 
The  concentrations  of  the  two  solutions,  the  measurements  on  which 
are  there  given,  were  0*003748  and  0*004203  gram  molecules  per  litre 
respectively.  The  following  numbers  (Table  V)  show  that  the  ex- 
tinction coefficients  diminish  rapidly  when  the  concentration  becomes 
smaller.  The  most  dilate  solution  used  still  gives  larger  extinction 
coefficients  than  those  found  for  the  other  copper  salts,  but  it  was 
unfortunately  not  possible  with  my  apparatus  to  make  accurate 
measurements  with  still  smaller  concentrations,  so  that  I  was  unable 
to  find  out  whether  the  absorption  spectrum  of  copper  acetate 
becomes  ultimately  identical  with  that  of  the  others  or  not;  it 
appears,  however,  to  tend  tp  do  so.* 


Table  V. — Copper  Acetate  (r). 


Cone 

0  003748 

0  0007144 

Mean  i  for  other 
salts  of  copper. 

X. 

X. 

XII. 

650 

4-412 

2-772 

640 

— - 

3-625 

2-281 

630 

4-859 

2-785 

1-902 

618-5 

3-119 

1-460 

1-303 

586-8 

1-635 

0-735 

0-623 

562-9 

0-712 

0  470 

0-303 

Two  explanations  of  the  abnormal  behaviour  of  copper  acetate 
solutions  offer  themselves :  (1)  The  electrolytic  dissociation  into  Cu 
ions  may  be  incomplete,  and  the  still  undissociated  part  of  the  salt 
may  have  a  different  colour  from  the  Cu  ion ;  (2)  the  salt  may  be 
partially  hydrolysed,  acetic  acid  being  a  so  much  weaker  acid  than 
the  others  used.  In  the  latter  case,  however,  one  would  expect  the 
difference  between  the  spectrum  of  copper  acetate  and  that  of  the 
other  salts  to  become  grater  with  increasing  dilution,  as  in  the  more 
dilute  solutions  the  hydroljtic  decomposition  would  be  most  advanced. 
The  opposite,  however,  is  the  case.  The  addition  of  acetic  acid  to 
the  solutions  should,  by  diminishing  the  amount  of  hydrolysis,  bring 
the  copper  acetate  spectrum  nearer  to   that  of  the  others,  if   the 

*  The  uncertaintj  of  obserrations  of  absorption  spectra  made  without  the  help 
of  photometric  measurements  is  illustrated  by  the  following  remark  of  Knoblauch 
(' Wied.  Ann.,*  toL  48,  p.  754).  He  sajs:  ^' Ebcnsowenig  wie  bei  Xupfersulfat  zeigte 
aicb  bei  Kupferacetat  mit  der  Verdiinnung  eine  Yer&nderung  im  Character  dos 
Spectrums.  Die  Beobachtung  der  Absorptions-Grenze  im  Roth  war  auch  bei 
diesem  Salze  ffir  yerdfinnte  LOsungen  durch  die  Absorption  des  Wassers  beein- 
trichtigi.**  Table  Y  shows  that  a  not  very  considerable  dilution  (about  one  to 
fire)  reduced  the  absorbing  power  of  a  copper  acetate  solution  hj  about  one-half . 
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difference  were   due  to  hydrolytic   decomposition.      The  following 
measurements  of  e  show  that  again  the  opposite  to  this  really  occurs. 


Table  VI. 


^o°^t  Acetic  acid. 

0  -0007144 

0  0007395 

0-00289 

0-00479 

0  004203 

0  -00156 

0-0088 

0-136 

XI. 

i                X. 

XII. 

XV. 

XIII. 

XIV. 

1              650 

4-412 

4-515 

I               640 

3*625 

3  -730 

1               630 

2-785 

2-931 

4-359 

1               613-5 

1-450 

1-745 

2-720 

3-321 

3  119 

1              586-8 

0-785 

0-818 

1-287 

1-760 

1-536 

1               562-9 

0-470 

0-681 

0-958 

0-712 

1               542-8 

1 

0-470 

0-327 

That  some  very  small  amount  of  hydrolytic  dissociation  takes 
place  is,  however,  probable.  Dibbits*  found  that  a  solution  of  copper 
acetate  in  the  cold  is  very  weakly  acid  towards  litmos,  and  that  on 
warming  it  basic  salts  separate  out,  and  on  boiling  the  decomposition 
into  acetic  acid  and  basic  salt  reaches  about  50  per  cent.  The  most 
dilate  solutions  which  I  used  did  not  deposit  any  visible  quantity  of 
copper  hydroxide  on  the  porous  vessel  through  which  they  were 
filtered,  and,  even  after  standing  for  three  days,  the  filtered  solution 
remained  perfectly  clear.  The  behaviour  of  the  solutions  of  copper 
acetate  is,  on  the  other  hand,  qualitatively  at  any  rate,  in  agreement 
with  the  hypothesis  that  the  substance  is  dissociated  into  ions. 
Professor  J.  H.  van't  Hoff  was  so  kind  as  to  place  the  results  of  an 
unpublished  set  of  determinations  made  by  him  of  the  electrical  con- 
ductivity of  solutions  of  copper  acetate  at  my  disposal,  for  which  I 
take  this  opportunity  of  again  expressing  my  indebtedness  to  hira. 
The  numbers  are  given  in  Table  VII. 

fig^  for  copper  acetate  is  calculated  from  Kohlrausch*8  numbers  as 
follows -.—/toe,  for  JCoSOi  atl4*l  =  100*2. 

The  diffei-ence  between  A^aoK^aSO*)  and  /t^KCjHjO,  at  14°-1  = 

30-4, 
So  that  we  get  /loDiCuCCjHaO,),  at  14°'l  =  69*8. 

It  will  be  noticed  that  k  remains  constant  till  0*35  of  the  salt  is 
dissociated,  after  which  it  diminishes.  This  behaviour  reminds  one 
strongly  of  that  of  the  di>>asic  acids  studied  by  Ostwald  ('Zeit- 
schrift  fiir  Phys.  Chem.,'  vol.  3,  p,  170,  188i^)  ;  the  only  differouce  is 
that  with  the  acids  k  finally  increases  instead  of  diminishing.     It 

•  *■  Maandblad  voor  Xatuurwetenschappcn/  toI.  3,  p.  80, 1873,  and  vol.  4,  p.  101^ 
1874. 
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Table  VII. — Electrical  Condnctivitj  of  Copper  Acetate  Solations. 

At  141°. 


V. 

'*• 

a. 

k. 

4  06 

19-8 

0  1418 

0-0058 

4-06x2 

26-9 

0  1927 

0  0057 

4  06  X  2« 

371 

0  -2658 

0-0059 

1       4-06  X  2-^ 

48-1 

0-3446 

0-0057 

4  -06  X  2^ 

60-7 

0*4348 

0-0052 

1       4-06x2* 

,        74-7 

0  -5351 

0-0047 

■       406  x2« 

I         90 

0  -6447 

0  0045 

'       406x2' 

101-3 

0  -7257 

0  0037 

/*» 


=  139-6. 


V 
k 


Tol.  in  litres  in  which  1  gram  molecule  Cu(C2H302)2  is  dissolyed. 
molecular  conductiritj. 


{1-«)V 


a  «a  —  s>  fraction  of  the  copper  acetate  dissociated  into  ions. 

Moo 

seems  probable  then  that  just  as  the  dibasic  acid  first  split  off  one 
hydrogen  atom  as  an  ion  and  then  the  second,  so  the  copper  acetate 
splits  np  first  into  the  ions  Cu(C2H302)and(G2Hs02),and  then  the  ion 
Ca(CaHt02)  breaks  np,  after  the  first  process  is  fairly  complete,  into 
the  ions  Ga  and  (C2HSO2).  Calculated  from  the  numbers  for  the 
electrolytic  conductivity  given  above  the  quantities  of  the  salt  dis- 
sociated in  the  two  solutions  in  Table  V  are — 

Cone 0-003748    =  66  per  cent. 

0-0007144  =  85        „         (extrapolated). 

These  two  solutions  will  accordingly  contain  the  ions  Cu  and 
Ga(CiH302),  the  greater  the  quantity  of  the  latter  the  more  will  the 
coloar  of  the  solution  differ  from  the  normal.  The  addition  of  acetic 
acid  to  the  solution  diminishes  the  dissociation  of  the  copper  salt,  and 
so  increases  the  difference  of  the  colour  from  the  normal. 

Salts  of  Binitrophmol,  CeH3(N02)20H  (2 . 4-1). 

The  dinitrophenol  used  was  the  ordinary  one ;  the  specimen 
obtained  from  Kahlbaum  melted  at  114 — 115°.  The  potassium  and 
ammonium  salts  were  prepared  from  it.  They  both  crystallise  very 
well,  the  former  in  orange,  the  latter  in  bright  yellow  needles,  and  are 
therefore  easily  obtained  pure. 

The  potassium  salt  lost  on  prolonged  heating 

tolOO* 3-95percent. 

Calculated  for  CtH,(N02),0K + iHjO 3*9 

TOL.  LYU.  ^ 


i.  H,0.  ? 
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The  ammonia m  salt  volatilises  on  heating.  The  ammonia  was 
therefore  determined. 

NHa  found    7-69  per  cent.  1 

NH,  calcalated  for  CeHsCNO.ONH* 776        „        J 

As  I  conld  find  no  satisfactory  way  of  analysing  the  dilate  solutions 
of  these  salts,  I  made  them  by  dissolving  a  weighed  quantity  of  the 
carefully  purified  salt  in  water.  The  solutions  so  obtained  were  fairly 
clear.  The  values  of  e  (the  extinction  coefficient  for  the  dissolved 
body  for  1  cm.  layer  and  1  gram  molecule  per  litre  concentration)  are 
given  in  the  following  table.  The  experimental  numbers  are  given 
in  the  same  way  as  before  in  the  Appendix  Table  III. 

The  numbers  given  in  Table  VIII  are  obtained  from  the  numbers 
in  Table  III  of  the  Appendix  by  graphical  interpolation.  The  con- 
centrations are  in  gram  molecules  per  litre. 

The  two  most  concentrated  solutions  used  give  somewhat  smaller 
numbers  than  the  others,  which  may  probably  be  attributed  to  the 
electrolytic  dissociation  being  incomplete  in  the  stronger  solutions. 
The  numbers  obtained  with  the  other  solutions  vary  irregularly; 
by  taking  their  mean  the  following  numbers  are  obtained. 


X. 

Ksalt. 

NH4  Mlt. 

530 

2195 

520 

419 

3-995 

510 

10-82 

10-85 

500 

26-26 

25-1 

490 

67-23 

•     74-5 

480 

194-3 

173-4 

470 

398-5 

3680 

The  absorption  increases  so  extremely  rapidly  between  the  wave- 
lengths 470  and  500  that  a  small  error  in  the  measurement  of  the 
wave-length  can  make  a  great  difference  in  the  value  of  e  obtained. 
Taking  this  into  account  the  absorption  spectra  of  the  potassium  and 
ammonium  salts  may  be  regarded  as  the  same.  These  salts  dis- 
sociate electrolytically  into  the  ions  K+  or  NHi"*"  and  C«Hi(NOj)iO— . 
The  mean  of  the  above  numbers  may  therefore  be  taken  as  represent- 
ing the  absorption  spectrum  of  the  ion  C6H3(NOs)iO. 

Dinttrophenol. 

The  behaviour  of  the  solutions  of  the  free  dinitrophenol  is  of  some 
interest.  The  solutions  in  benzene  or  ether  are  brownish-yellow,  but 
the  colour  is  faint,  and  unless  they  ai^e  fairly  concentrated  they 
appear  colourless.      An  alcoholic  solution  is  much  more  strongly 


Absorption  Spectra  of  Dilute  Solutions. 


137 


O 
IS 

OS 
Eh 


o 

a 

o 


o 


"*  o 


r-l  CO 


s 


k1 


CO  X 

s       ;:: 

£  ? 


a 


Oi 

CO 

o 
9 

o 


o 

c 
« 

"ftl 
o 


s 


eS 

OB 

B 

•  ma 

m 
03 
O 


o 


o 


!-• 


11 


■«*  ^  lO 

o  r^-  oo  iH 


•-I  N  00  o  »o 


I         I    I 


y. 

y. 


Od  00 

CO  1^  to  lO 

O  M  «-i  C<1     I 
•      •     •     •       I 

O  iH  Oq  rj< 


II       II 


• 

Ci0»0  'f 
»-l  Q  i-l  -^ 

•       •        •        • 

>^, 

O  O  O  1-1 

I  I  i  I  I  I  I 


00  o  us  o 

MM  ib;.«o  I  I 

i-i  N  ;c  cc 


}^ 


•H  00  CO  kO 

M  I  II  I  \kstk 

iH  rl  CO 


op  fH  qj 

i     I     I     I   Q5(M  «^    I 
Ol  CO  Cs] 


I  I  I 


Oi  lO  1-4 
fH  00  o 

rj<  o  »o    I     I     I     I 


,^  O  ^  io  OD  coia 
i-i5^i^aocaoNC» 
^-"lOJiHooT'opcrj 

^COOOOOiH 


I  M  M  I  I 


'^i'-coocOiO'^coe«^ooacopi>- 


1.% 


138 


Dr.  T.  Ewau.     On  the 


yellow,  and  a  saturated  aqueous  solution  is  bright  yellow.  A  drop  of 
potash  solution  added  to  either  the  alcoholic  or  aqueous  solutionH 
increases  the  depth  of  colour.  The  addition  of  hydrochloric  add 
diminishes  it,  till,  with  some  excess  of  acid,  it  disappears  almost' 
entirely.  The  fact  that  the  solutions  of  dinitrophenol  in  bensene  oi 
ether  are  only  faintly  coloured,  suggests  that  the  undissociated 
dinitrophenol  molecule  is  devoid  of  any  great  absorbing  power  in  the 
visible  spectrum.  The  action  of  the  hydrochloric  acid  in  decoloris- 
ing the  solutions  of  dinitrophenol  is  also  due  to  its  converting  the 
dissociated  molecules  into  undissociated  molecules.*  In  order  to 
obtain  the  spectrum  of  the  undissociated  dinitrophenol  a  solution  of 
dinitrophenol  to  which  excess  of  hydrochloric  acid  had  been  added 
was  used. 

The  dinitrophenol  had  been  recrjstallised  from  water,  notwith- 
standing which  the  solutions  obtained  from  it  were  never  sufficientlj 
clear.  They  had,  therefore,  to  be  filtered  thi'ough  the  porous  earthen- 
ware and  analysed.  The  analysis  was  made  by  titration  with  a 
dilute  ammonia  solution,  using  litmus  as  indicator.  The  change  of 
colour  not  being  very  sharp,  standard  hydrochloric  acid  was  added 
till  the  liquid  was  acid,  and  then  ammonia  till  alkaline,  and  so  on 
several  times.  Tests  with  solutions  of  known  concentration  showed 
that  accurate  i-esnlts  could  be  obtained  in  this  way.  The  following 
table  contains  the  extinction  coef&cicnts  of  the  solution  containiDg 
excess  of  hydrochloric  acid,  and  also  for  comparison,  the  mean  of  the 
numbers  obtained  with  the  potassium  and  ammonium  salts. 


Table  IX. 


f  0  -001202  dinitrophenol 
^      '     +  0-2132  gr.moLU  CI. 

Mean  e  for  E 

and  NH4  salts. 

X. 
520 

0  -321 

4  09 

510 

0  -355                        1           10  -83 

500 

0-397                                 25-68 

490 

0-456 

70-86 

480 

0-553 

183-85 

470 

0-600 

383-25 

460 

0-974 

450 

2-284 

It  is  evident  that  the  absorption  of  the  acid  solution  is  almoin 
negligible  compared  with  that  of  the  solutions  of  the  salts. 

With  the  help  of  these  numbers  it  is  possible  to  calculate  the  frac- 


•  Arrbeuius,  *  Zeitsclirift  Phys.  Chem./  vol.  2,  p.  284,  1888,  and  voL  5»  pi  If 
1890. 
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tion  of  tbe  dinitrophenol  which  is  electrolytically  dissociated  in  a 
solution,  a  measurement  of  its  extinction  coefficient  for  any  one 
waTe-length  having  been  made.  If  x  is  the  part  which  is  dissociated 
into  its  ions,  the  extinction  coefficient  of  the  solution  (calculated  for 
nnit  concentration  and  1  cm.  layer)  will  be 

«(80l.)  =  «^(ioii)+  (l— aj)  €(nndi«8.). 

Table  X  contains  the  results  of  the  measurements  of  a  number  of 
solntions  of  dinitrophenol  of  different  concentrations.  For  the  experi- 
mental details  see  Appendix,  Table  V.  In  Table  X,  €,,  c,*,  and  €«, 
are  the  extinction  coefficients  for  the  solution  actually  measured,  for 
the  ion,  GtHt(NOt)sO,  and  for  the  undissociated  molecule  of  dinitro- 
phenol respectively.  The  values  of  e,-,  as  remarked  above,  are  takes 
as  the  mean  of  the  measurements  made  with  dilute  solutions  of  the 
potassium  and  ammonium  salts. 

X  the  fraction  dissociated  is  calcalated  from  the  equation  given 
above. 

Table  X. 


A. 

e  —  concen- 
tration. 

1 

't- 

'«• 

X, 

Mean  x. 

\ 

1 
X  (cal.). 

480*2 

0-001581 

46-69 

181-2 

0-550 

0  -2554 

496 

->— 

9-44 

36-23 

0-419 

0-2519 

407-5 

— 

7  829 

32-47 

0-410 

0-2314 

497-7 

6-421 

31-76 

0-409 

0-1915 

487-2 

— 

20-8 

91-1 

0-480 

0-2242 

0-2309 

0  -2010 

479-2 

0  -0007905 

61-58 

198-5 

0-564 

0-3083 

493-3 

11-62 

46-2 

0-432 

0-2423 

480-8 

_ 

36-93 

172-2 

0-544 

0-2120 

0-2509 

0  -2715 

,  493-6 

0  000395 

17-11 

44-84 

0-431 

0-3756 

I  476-8 

83  07 

241-8 

0-597 

0  -3419 

0-3588 

0-3600 

472-1 

0- 0001581 

163-9 

332-3 

0-663 

0  -4923 

4^-2 

._ 

23 -83 

46-7 

0-433 

0-4017  . 

0-4470 

0-5018 

496-2 

0  -00001581 

32-3 

35-67 

0-418 

0-9044 

473-8 

— 

278-5 

298-5 

0-641 

0-9329  ' 

0  -9187 

0-8539 

1  480-1 

0  002886 

33  86  , 

1H2-2 

0-551 

0-1779 

479 

1 

\ 

33-87 

202 

0-568 

0-1629 

0-1709 

0  -1632 

The  numbers  under  x  calculated  are  the  fractions  of  the  substance 
electrolytically  dissociated  calculated  from  the  determinations  of  the 
electrical  conductivity  of  solutions  of  dinitrophenol  made  by  Bader. 
CZeit.  Phys.  Chem.,'  vol.  6,  p.  298, 1890).  He  found  the  dissociation 
constant  of  dinitrophenol  K  =  0*008.     This  is  connected  with  x  by 

1  cformula  K  =  — -— : . 

(1— a;)V 

y,  the  volume  in  litres  in  which  1  gram  molecule  is  dissolved,  may 
be  replaced  by  -,  which  gives 

6 
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^  =  n;^  [  ^3-2  C  +  O-000084— 0-008]. 

The  agreement  foand  between  the  numbers  obtained  from  two  bo 
very  different  properties  as  the  absorption  of  light  and  electric 
conductivity,  is  so  striking,  taking  into  acconnt  the  very  considerable 
experimental  error,  that  little  doabt  can  be  felt  as  to  the  snbstantial 
accoracj  of  the  hypothesis  on  which  the  whole  calculation  is  based. 

Ferric  Salts, 

The  changes  of  colour  which  take  place  when  the  aqueous  solution 
of  a  ferric  salt  is  diluted  are  so  considerable  that  they  appear  to 
offer  a  very  suitable  means  of  determining  the  amount  and  nature 
of  the  decomposition  which  the  salt  undergoes. 

In  1856,  Pean  de  St.  Gilles,*  made  a  study  of  the  decomposition 
which  ferric  salts  undergo  on  heating  tHeir  aqueous  solutions.  Ho 
noticed  the  peculiar  appearance  of  the  solutions  containing  ferric 
hydroxide,  they  being  clear  by  transmitted,  but  apparently  tnrbid  by 
reflected  light.  Ho  was  aware  that  the  hydrate  exists  in  the  liquid 
in  a  state  of  pseudo  solution  and  uncombined  with  the  acid  present, 
as  the  following  remark  shows  : — "  II  semblerait  plutdt  que  Tacide 
acetique  cxerce  sur  Thydrate  une  action  purement  m£canique  en 
divisant  k  I'extr^me  les  particnles  insolubles  et  simulant  ainsi  une 
dissolution  veritable." 

In  1861,  Grahamf  showed  how  the  colloidal  ferric  hydroxide  can 
be  prepared  by  dialysis,  and  described  its  principal  properties.  He 
regarded  it  as  being  diffei*ent  from  the  soluble  hydroxide  obtained 
by  Pean  de  St.  Gilles,  by  heating  the  solution  of  ferric  acetate. 

Gunning,J  in  1869,  Tichbome,§  in  1871,  and  Berthelot,||  in  1873, 
made  studies  of  the  decompositions  which  occur  both  on  heating  the 
solutions  and  on  diluting  them  with  water.  Their  results,  however,  do 
not  lend  themselves  to  a  calculation  of  the  amount  of  decomposition 
which  has  taken  place.  In  1871,  Krecke^  made  a  number  of  deter- 
minations of  the  quantity  of  ferric  hydroxide  formed  in  solutions  of 
fen*ic  chloride  of  different  concentrations,  and  at  various  temperatuies. 
The  amount  of  ferric  hydroxide  present  wps  determined  by  precipiiat- 
ing  it  with  sodium  chloride.  He  found  that  the  precipitate  formed  by 
heating  solutions  of  ferric  chloride  containing  more  than  4  per  cent. 
of  the  salt  contained  a  variable  amount  of  chlorine.      The  more 

*  '  Ann.  Chim.  Phys./  (3),  vol.  46,  p.  47, 1856. 

t  '  PhU.  Trang./  1861,  p.  209. 

X  '  Aanteekeningen,  etc.,  Prov.  Utrechtsche  Genootschap,  1869,  p.  14. 

§  *  Eoy.  Irish  Acad.  Proo.,*  1871,  p.  169. 

II  'Ann.  Chim.  Phjs./  (4),  vol.  80,  p.  145,  1878. 

IT  *  J.  prakt.  Chem,'  (2),  toI.  3,  p.  286,  1871. 
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dilute  solutions  deposit  only  ferric  hydroxide.  He  found  also  that 
the  amount  of  decomposition  increases  with  rising  temperature  and 
increasing  dilution. 

Finally,  G.  Wiedemann,*  in  1878,  published  an  investigation  on 
the  hydrolysis  of  ferric  salts,  the  determinations  of  the  amount  of 
hydrolysis  which  had  taken  place  being  made  by  means  of  the 
molecular  magnetism  of  the  solutions.  The  molecular  magnetism  of 
iron  in  the  form  of  hydroxide  being  0*16  of  its  value  in  a  strongly 
acid  solution,  a  measarement  of  the  magnetism  of  a  solution  of 
known  strength  allows  the  ratio  in  which  the  iron  is  divided  between 
the  two  forms  to  be  calculated. 

The  fact  that,  as  Krecke  observed,  the  precipitate  formed  by 
heating  solutions  of  ferric  chloride  contains  chlorine,  and  also  an 
observation  made  by  Picton  and  Linder,t  that  on  filtering  a  solution 
of  colloid  ferric  hydroxide  containing  chlorine  through  a  porous  cell 
the  filtrate  contained  neither  iron  nor  chlorine,  led  me  in  the  first 
place  to  attempt  to  dcijide  whether  the  hydroxide  formed  in  dilute 
solutions  of  ferric  chloride  contained  chlorine  or  not. 

For  this  purpose  solutions  of  known  concentration  were  filtered 
throngh  a  porous  cell.  The  cell  was  first  well  washed  with  distilled 
water,  and  then  a  quantity  of  the  solution  filtered  through  it  to  re- 
move the  water  from  its  pores.  The  next  portion  of  the  filtered 
solution  was  collected  and  analysed.  The  difference  between  the 
composition  of  the  original  solution  and  that  of  the  filtrate  gives  the 
composition  of  the  substance  held  back  by  the  poroas  cell.  The 
filtration  apparently  removed  the  hydroxide  completely  from  the 
solution.  The  yellow-brown  coloured  solutions  were,  after  filtration, 
either  completely  colourless  or  very  faintly  yellow,  according  to  their 
concentration.  This  method  of  analysis  has  the  drawback  that  the 
solution  changes  its  concentration  to  some  extent  during  the  filtra- 
tion partly  owing  to  evaporation  in  the  vacuous  vessel  into  which  it 
is  filtered,  partly  owing  to  the"difficulty  in  removing  the  water  which 
has  served  for  washing  the  cell  from  its  pores.  A  direct  analysis  of 
the  precipitate  is  hardly  possible  as  it  cannot  be  collected  on  a  filter, 
nor  can  it  be  washed  by  decantation,  as  it  refuses  to  settle.  Further, 
to  wash  it  with  water  is  not  allowable,  as  it  would  tend  to  change  its 
<x>mpo8ition.  The  ferric  chloride  used  was  purified  by  repeated  re- 
crystallisation  of  the  hydrate,  Fe3Cl«12EsO;^  an  analysis  of  its  solu- 
tion showed  that  it  contained  iron  and  chlorine  in  the  ratio  repre- 
sented by  its  formula. 


♦  *  Wied.  Ann.,'  vol.  5,  p.  45,  1878. 

t  •  Joom.  Chem.  Soc.,'  1892,  p.  162. 

J  Bakhuifl  Roozeboom,  '  Zeit.  Phjs.  Chcm.,*  vol.  10,  p.  477, 1892. 
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250  c.c.  of  a  solution  of  the  salt  gave  |  ^^^  ^^^  ^^{' 


Fi-om  which  ratio  —  =  1*913. 

Fe 

Ratio  calculated  for  FcjCU  =  1-903. 

Two    other   solutions  which   were    subsequently    analysed,    con- 
tained 


and 


1'882  grams  eqs.  Fe  per  litre  to  1*864  grams  eqs.  CI. 
0-0303  „  „  0-0296 


»> 


»» 


>♦ 


The  dilute  solutions  made  by  diluting  a  concentrated  solution  of 
known  concentration,  were  allowed  to  stand  for  some  weeks  at  the 
ordinary  temperature  (15 — 16°),  so  that  a  condition  of  equilibrium 
was  almost  certainly  reached. 

The  following  table  contains  the  results  of  the  filtration  experi- 
ments. The  concentrations  ai-e  here  (as  elsewhere  in  the  paper) 
given  in  gram  molecules  per  litre,  the  molecule  of  the  ferric  salts 
being  always  taken,  for  convenience,  as  the  quantity  containing  one 
atom  of  iron. 

Table  XI. 


Concentration  of 
unfiltored  solution. 

Concentration  of 
filtered  solution. 

Loss  per  cent. 

*i. 

*.. 

Fe. 

CI. 

Fe. 

CI. 

Fe. 

CI. 

0- 00505 
0  -002525 
0*001263 
0- 000505 

0  0148 
0  0074 
0-0037 
0-00148 

0-00319 
0-00126 
0  000445 
0  000095 

0-01458 
0-00728 
0  00376 
0-00143 

36-83 
60-10 
64-77 
81-19 

1-93 

1-75 

-1-48 

3-51 

922 
787 
664 
566 

846 
894 
480 
469 

The  decrease  in  the  concentration  of  chlorine  in  the  Bolations, 
caused  by  filtration,  is  so  small  (in  one  case  there  was  even  an  in- 
crease), that  it  appears  probable  that  the  substance  separated  from 
the  solutions  is  really  a  hydroxide  of  iron,  and  contains  no  chlorine. 
The  changes  of  concentration  of  the  chlorine  are  probably  sufficiently 
explained  by  the  errors  inherent  in  the  method  used,  which  have 
been  already  mentioned.  On  the  other  hand  the  loss  of  iron  in- 
ci'eases  as  the  solutions  become  more  dilute. 

Walker*  found,  in  an  investigation  on  the  hydrolysis  of  the  salts 
of  some  weak  bases,  that  the  decomposition  took  place  in  agreement 

•  <  Zeitsohrift  f .  Phys.  Chcm./  yol.  4,  p.  819, 1889. 
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with  the  law  of  Guldberg  and  Waage.  This  is,  however,  here  not  the 
oase.  The  eqnilibriam  which  takes  place  in  dilate  solutions  of  ferric 
chloride  may  be  most  simply  represented  by  the  equation 

FeCla+3H,0    zr    Fe(OH)3-f3HCl. 

Suppose  that  to  begin  with  one  gram  molecule  of  FeCls  was  dis- 
solved in  n  molecules  of  water,  neither  hydrochloric  acid  nor  ferric 
hydroxide  being  present.  When  the  equilibrium  is  reached,  sup- 
pose  that  a  fraction  x  of  the  ferric  chloride  molecules  have  been 
decomposed.  Then  we  have  (1— a;)  molecules  FeCls,  x  molecules 
Fe(OH)j,  3a5  molecules  HCl,  and  (w— 3a;)  molecules  of  water.  As  n 
is  large  compared  with  3a;,  this  may  be  taken  as  the  same  as  n. 

According  to  Guldberg  and  Waage  these  quantities  should  be  con- 
nected together  by  the  equation 

(i:Z^  =  3K (3). 

X  is  identical  with  the  loss  of  iron  given  in  Table  XI  divided  by 
100,  and,  calling  the  concentration  of  the  original  unfiltered  solution 
(with  regard  to  Fe)  =  c,  we  have  1  gram  molecule  FeCls  in  1/c  litres,. 
ur,  as  1  litre  of  water  contains  55*5  gram  molecules,  we  have  1  gram 
molecule  FeCls  in  55*5/c  =  n  gram  molecules  HsO.  Putting  these 
values  in  the  above  equation  we  get 

<'-='•>-    ^   K  =  K 


3^  .  C  65*5 

The  values  of  A;i,  calculated  from  the  different  values  of  x,  are 
given  in  Table  XI,  and  are  evidently  very  far  from  being  constant^ 
as  is  required  by  the  law  of  Guldberg  and  Waage. 

The  agreement  is  hardly  improved  by  regarding  the  f  eiric  hydroxide 
as  an  insoluble  body  and  putting  its  active  mass  constant.  The 
equation  then  becomes 

^ =  const.  =  fej. 

xc 

The  values  of  lc%  also  vary  considerably,  as  Table  XI  shows. 

According  to  the  equation  for  the  equilibrium  of  four  electrolytes 
given  by  Arrhenius,*  however,  K,  on  the  right-hand  side  of  equation 
(3),  is  not  a  constant.  For  Arrhenius  regards  only  those  parts  of  the 
electrolytes  which  are  dissociated  into  their  ions  as  the  active  masses, 
so  that  if  «!,  ff2,  As,  and  ai  are  the  fractions  of  the  electrolytes  FeCls, 
H9O,  Fe(OH)i,  and  HCl  respectively,  which  are  dissociated,  we  must 
substitute  for  the  equation  of  Guldberg  and  Waage  the  expression 

*  '  Bibang  L  Srensk.  Yet.-Ak.  Hand.,'  toI.  8,  No.  14, 1894. 
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(1 — X)  «i  X  —  «a  ^  a;«s  X  a?«4. 

As  Arrhenius*  has  shown,  the  values  of  «i,  oj,  Jbc.,  are  to  be  ob- 
tained from  equations  of  the  form 

-^—,  =  K,    (5). 

ill  is  the  whole  number  of  dissociated  molecules  of  all  kinds  in  the 
solution,  and  Ki,  K2,  &o.,  are  the  characteristic  dissociation  constants 
for  the  four  electrolytes.  The  values  of  a%  and  »%  are  very  small ,  so 
that  we  have 

oLi  =  K,  —         and         <xs  =  B[«  —  • 
"  m  m 

txi,  the  fraction  of  the  hydrochloric  acid  dissociated,  may  be  put 
=  1,  so  that  the  equation  becomes,  putting  n  =  55'5/c, 

(l-a;)^    3    Ksl    .gx 

iC^C  55*5  K,«i 

Neglecting  small  quantities,  we  have 

m  =  (1  —x)  CLi  -f-  a*. 
Substituting  which  in  (5), 

f^L((iZf)^!L±i!:)  =  nK,    (7). 

The  values  of  au  the  dissociation  coefficients  of  ferric  chloride,  are 
unknown.  I  have  attempted  to  test  the  agreement  of  the  experi- 
ments with  the  Equations  6  and  7,  thus : — Each  experiment  gives  a 

value   for    -— -  .  —?.—=_    (say),   or,   writing  the  constant   part 
55*5     K2     oci      0 

Substituting  this  in  Equation  7, 


d'-b 


■i-cdx  =  55*5  K.id. 


From   these  equations  d  and  Ki  can  be  found.      The  following 
numbers  were  obtained : — 

^  'Zeit.  Phys.  Chem./  vol.  5,  p.  1,  1890.  Cf.  J.  J.  van  Laar,  'Die  Thenno- 
dynamik  in  der  Chemie,'  1893,  where  a  convenient  collection  of  the  foramW  it  to 
be  found. 
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d  =  0-001631  55*5  Kid  =  00000085 

0-00196  ?  0*0000072 

0-00205  J  0-0000069 

0-0000075 


Mean  used  =  0002 


Mean  =  0*0000075 


The  numbers  now  found  are  approximately  constant.  As 
d  =  18-5  —',  we  get  5?  =  9250. 

That  is,  the  dissociation  constant  of  ferric  hydroxide  is  ahoat  9000 
times  that  of  water.  Ferric  hydroxide  is  thus  an  extremely  weak 
base.  From  55  Kid  =  0-0000075  we  get  also  Ki  =  0000068.  For 
<5omparison,*  the  dissociation  cons,tants  of  KCl  =  0*00958,  that  of 
CuSOi  =  0*0001898,  so  that  ferric  chloride  must  be  regarded  as  one 
of  the  exceptionally  slightly  dissociated  salts. 

A  number  of  photometric  measurements  were  made  of  the  absorp- 
tion spectra  of  solutions  of  ferric  chloride,  but  their  pecaliar  properties 
make  it  rather  difficult  to  obtain  accurate  results.  The  solutions 
were  made  by  diluting  a  concentrated  solution  of  ferric  chloride, 
which  had  been  made  as  clear  as  possible  by  filtration  through  paper. 
They  were  then  allowed  to  stand  till  no  further  change  took  place  in 
theii*  colour ;  if  they  were  then  without  visible  turbidity,  they  were 
used  for  measurement,  but,  owing  to  the  peculiar  fluorescent  appear- 
ance of  solutions  containing  colloid  ferric  hydroxide,  it  was  not  easy 
to  see  whether  they  were  really  free  from  solid  suspended  particles 
or  not. 

The  numbers  which  aire  contained  in  Table  VI  of  the  Appendix, 
and  from  which  the  following  table  is  calculated,  give  results  which 
agree  approximately  with  the  results  of  the  filtration  experiments 
given  above.  The  calculation  of  the  amount  of  ferric  hydroxide  in 
the  solutions  was  made  as  follows: — The  most  dilute  solution  of 
FeCU  which  was  used  (XXV,  Table  XII),  and  another  one  to  which 
a  small  quantity  of  ammonia  had  been  added  (XXVI,  Table  XII), 
gave  nearly  the  same  numbers.  The  decomposition  in  these  solutions 
appeared  to  be  complete,  as  neither  of  them  gave  a  red  colour  on 
addition  of  excess  of  ammonium  sulphocyanide.  Solutions  of  colloid 
ferric  hydroxide,  obtained  by  dialysis,  also  give  no  red  colour  with 
sulphocyanide.  I  took  the  absorptions  of  these  solutions  as  corre- 
sponding to  complete  hydrolysis.  The  smaller  absorptions  of  the 
other  solutions  will  then  correspond  to  a  proportionately  smaller  de- 
composition, if  we  assume  that  the  whole  absorption  is  due  to  the  ferric 
hydroxide,  an  assumption  which  is  quite  allowable,  as  the  filtration 

*  The  numbers  are  from  Tan  Laar,  loo,  cit,^  p.  154.  To  convert  them  into  Xhif 
onitt  uaed  by  Ostwald  thej  must  be  divided  by  0*018. 
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experiments  show,  the  i^emoval  of  the  hydroxide  from  the  solutions 
leaving  them  nearly  coloarless. 

All  the  solntions  in  which  the  hydrolysis  was  incomplete  gave  the 
red  colour  with  ammoniam  snlphocyanide. 

The  measurements  which  G.  Wiedemann  made  of  the  amount  of 
hydrolysis  in  the  more  concentrated  solutions  of  ferric  chloride  appear 
to  be  in  harmony  with  the  results  given  in  Table  XI.  The  numbers, 
when  plotted  against  concentrations,  give  two  curves,  which  appear 
to  be  parts  of  the  same  curve. 

Colloid  Ferric  Hydroxide. — A  solution  was  prepared  by  dialysing  a 
solution  of  ferric  chloride  in  which  a  quantity  of  ferric  hydroxide 
had  been  dissolved.  It  was  clear  red-brown  by  transmitted  but 
apparently  imrbid  by  reflected  light ;  it  gave  no  deposit  on  standing 
for  three  months,  and  passed  through  filter  paper  without  leaving 
any  residue.  A  solution  of  NH4SCN  coagulated  it,  but  gave  no  red 
colour.  Analysis  showed  that  it  contained  12*4  per  cent,  of  the 
amount  of  chlorine  corresponding  to  the  formula  FeCls*  The  extinc- 
tion coefficients  obtained  for  different  solutions,  made  by  diluting  this 
solution,  are  given  in  Table  XIII;  they  are  obtained  by  graphic 
interpolation  from  the  experimental  numbers  given  in  the  Appendix, 
Table  VII. 

Table  XIII. 


Mean  for  dil. 

e  — 

0  09855 

0  02531 

0-000568 

0- 000568 

0  -0001254 

FeCl, 
solutions. 

X. 
660 

6-52 

5-04 

640 

7  08 

7-46 

" 

620 

9-91 

9-40 

600 

12-61 

12  02 

12-35 

580. 

16-85 

16-38 

17-20 

39-3 

560 

26-64 

25-42 

26-45 

— » 

30-5 

56-6 

540 

44-95 

43-50 

46-30 

46-5 

51-2 

85-0 

520 

~— 

— 

80- 10 

82-9 

84-4 

127-7 

500 

— 

— 

136-9 

139-2 

181-7 

480 

— 

—. 

197-4 

200-9 

221-7 

460 

*"■" 

218-0 

219-7 

308-1 

440 

285-2 

277-5 

4dO 

—^^ 

^"~ 

354-0 

The  numbers,  on  the  whole,  show  some  tendency  to  increase  as  the 
dilution  increases.  A  comparison  with  the  numbers  obtained  for  the 
completely  hydrolysed  solutions  of  ferric  chloride  (last  column. 
Table  XIII)  shows  that  the  spectra  are  entirely  different.  There 
can  be  little  doubt  that  both  the  solutions  contain  colloid  ferric 
hydroxide.     The  filtration  experiments  show  that  this  is  the  case  in 
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the  ferric  chloride  solation,  and  one  would  imagine  that  if  all  the 
iron  exists  as  hydroxide  in  a  solution  containing  an  equivalent  quan- 
tity of  chlorine  this  should  be  certainly  the  case  in  one  containing 
only  some  12  per  cent,  of  that  quantity  of  chlorine.  An  explanation 
is,  I  think,  suggested  by  an  observation  made  by  Picton.*  He 
noticed  that  a  solation  of  antimony  hydrosulphide,  obtained  by 
pouring  a  solution  of  tartar  emetic  into  one  of  sulphuretted  hydrogen, 
possessed  only  a  faint  fluorescence,  and,  under  the  microscope,  no 
particles  were  visible  in  it.  On  dialysing  the  solution  the  fluorescence 
increased,  and  gradually  minute  particles  became  visible  under  the 
microscope;  finally  the  solation  coagalated.  Picton  and  Linder 
('  J.  Chom.  Soc.,'  1892,  154)  found  also  that  silicic  acid  behaves  in 
quite  a  similar  way.  In  a  colloid  solution  of  silicic  acid  containing 
hydrochloric  acid  the  particles  were  too  small  to  reflect  light,  while 
after  dialysis  they  were  large  enough  to  do  so.  Krecke  (loc,  cit.) 
also  foand  that,  on  dialysing  a  concentrated  ferric  chloride  solution, 
it  finally  coagulated.  It  would  appear  as  though  the  dialysis  always 
favoured  the  formation  of  larger  molecular  agg^gates.  A  possible 
reason  for  this,  in  the  case  of  ferric  hydroxide,  at  any  rate,  is  not 
difficalt  to  see.  In  the  solutions  containing  hydrochloric  acid  the 
hydroxide  must  be  regarded  as  constantly  being  acted  upon  by  the 
acid  with  formation  of  ferric  chloride,  which  is  at  once  decomposed 
again.  Consequently  the  hydroxide  never  has  the  opportunity  of 
forming  largo  molecular  groups. 

Solutions  coyitaining  excess  of  Hydrochloric  Acid, 

The  addition  of  a  small  quantity  of  hydrochlonc  acid  to  a  solation 
containing  the  hydroxide  diminishes  the  quantity  of  the  latter,  and 
therewith  the  intensity  of  the  brown  colour  of  the  solation,  to  a 
marked  extent.  I  found,  for  example,  by  filtration  through  the 
Chamberland  Pasteur  candle,  that  the  addition  of  one-sixth  of  an 
equivalent  of  HCl  to  a  dilute  solution  of  ferric  chloride  reduced  the 
quantity  of  Fe(0H)3  present  by  nearly  a  half.  The  following  are 
the  numbei^  : — 


Concentnition  in  grain 
mols.  per  litrt^  betore       !            After  filtering. 
Altering.                  ' 

1 

Loss  per  cent. 

FeClj. 

1 

1 

UCl.         .          Fe. 

CI. 

Fc. 

CL 

1 

0-001263 
0-001263 

0-000635 

0 -000^45 
0  -00084 

0  -00376 
0-00432 

64-77 
33*49 

-I-4S 
•hO-46 

•  *  Chem.  Soc.  Journ#,'  18ll2,  p.  142. 
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Larger  quantities  of  acid  seem  to  prevent  the  formation  of  ferric 
hydroxide  altogether,  as  the  acid  solutions  could  all  be  filtered 
through  the  porous  cell  without  leaving  any  deposit.  The  analyses 
also  showed  that  their  concentration  was  not  diminished  by  the  filtra- 
tion. 

Table  XIV  contains  the  numbers  which  were  obtained  with  a  series 
of  acid  solutions.  The  arrangement  of  the  table  is  the  same  as  before, 
only  the  number  of  equivalents  of  free  hydrochloric  acid  added  to  one 
equivalent  of  iron  are  also  given. 


Table  XIV. 


i^""- 1  HCl 

0'0019?5 

0-001284 

0- 001279 

0-00425 

0-0013 

■     0  -3095 

0  00466 

0-0094 

0  -0178 

0  06 

0  035 

0  -814 

£q.  acid. . 
i£q.  Fe.  •  •  . 

0-7786 

2-44 

4-64 

4-706 

8-97 

0-87G7 

»                      1 

A. 

XXX. 

XXXI. 

XXXII 

XXXIII. 

XXXIV. 

XXXV. 

580 

0  098 

560 

0  189 

0  122 

0-083 

0  061 

0117 

540 

0-265 

0-233 

0-115 

0-084 

0  080 

0  135 

520 

0  -419 

0-242 

0-130 

0  082 

0112 

0-290 

500 

0*661 

0-289 

0  182 

0-099 

0-157 

0-775 

480 

1-043 

0-424 

0-298 

0  178» 

0-219 

2-950 

460 

1-683 

0-601 

0-777 

0  575 

0-493 

11  01 

440 

3  175 

1-643 

1-41)5 

2-100 

1-555 

430 

4-340 

2-83 

•~~ 

3-375 

These  numbers  appear  to  be  somewhat  irregular,  but  a  glance  at 
fig.  5  will  show  that  this  is  due  to  the  way  the  curves  cross  each 
other.  The  curve  XXX  of  the  solution  containing  the  smallest 
excess  of  hydrochloric  acid  has  a  strong  resemblance  to  the  curve 
for  Fe(OH)j,  which  is  incladed  in  the  figure  for  comparison  (with 
ordinates  divided  by  100).  If  the  whole  absorption  of  solation  XXX 
were  due  to  hydroxide,  the  amount  of  hydrolysis  would  only  be  -^  to 
^  per  cent,  of  the  salt  present.  In  the  curve  for  the  next  solution, 
XXXI,  the  similarity  to  that  of  the  hydroxide  has  disappeared,  and  as 
the  quantity  of  acid  is  increased  the  curves  evidently  approach  more 
and  more  towards  that  of  the  concentrated  acid  solution  XXXV, 
which  may  be  taken  as  representing  approximately  the  absorption 
spectrum  of  the  undecomposed  molecule  of  ferric  chloride.  Whether 
these  changes  are  due  to  the  change  of  the  dissociated  ferric  chloride 
into  undissociated,  or  to  the  conversion  of  a  soluble  oxjchloride  into 
ferric  chloride  cannot  be  decided.  It  is  certain  that  these  solutions 
contain  none  of  the  colloid  hydroxide,  but  they  possibly  contain  a 
soluble  oxychloride.  Wiedemann  found  that  solutions  of  ferric 
nitrate  and  sulphate,  containing  excess  of  acid,  still  contain  a  con- 
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Absorption  Spectra  of  Dilute  Solutions. 
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derable  quantity  of  hydi*oxide.     He  has  given  no  measarementfi 
dd  solutions  of  the  chloride,  but  as  I  found  that  the  acid  solutic 

ferric  nitrate  and  sulphate  behave  very  much  in  the  same  way 
le  chloride  with  respect  to  colour,  we  may  perhaps  conclude  th 
1  these  solutions  contain  some  really  soluble   substance  standii 
^tween  the  undissociated  normal  molecules  and  colloid  ferric  hydi 
cide. 

Some  measurements  which  were  made  with  ferric  nitrate  anc 
ilphate  gave  results  similar  to  those  obtained  with  the  chloride,  but 
ley  are  very  much  less  complete. 

The  following  table  contains  the  measurements  made  on  concen- 
"ated  acid  solutions  of  ferric  sulphate  and  nitrate,  and  with  a 
>lution  of  ferric  sulphocyanide  in  ether;  owing  to  the  ease  with 
hich  the  latter  decomposes  the  numbers  are  only  approximate,  they 
ill  serve,  however,  to  give  some  notion  of  the  relative  magnitude  of 
i  absorption. 

For  comparison  the  numbers  obtained  for  t^e  concentrated,  acid, 
»ric  chloride  solution,  and  for  ferric  hydroxide  are  given. 


Table  XV.— Acid  Solutions  of  Ferric  Salts. 


ac.  <  Fe. . . . 
I,  Acid . . 


660 
640 
620 
600 
580 
660 
540 
520 
VOC> 

60 


Fe(N03), 
0 -4221 
0  ^aSHNOa 


0  0492 
0  0534 
0  0600 
0  0675 
0  0771 
0  OHO.'i 
0  •092;{ 
0  0920 
0  0S77 
0  -0^88 
0  -1072 


iFe«s(S04),. 

FCCI3. 

Fe(SCN)j. 

0-7498 

0  -3095 

Fe(OH)a. 

0  00148 

r524(iHjS04). 

0-814HC1. 

in  ether. 

0  0835 

211 

0  0995 

— 

— 

310 

0-114a 

— 

428 

0  1300 

— 

674 

0-142S 

39-3 

821 

o-i5t;o 

0117 

56-6 

1152 

0  1644 

0-135 

85-0 

1527 

0  1583 

0-290 

127-7 

1926 

0  1307 

0-775 

181-7 

2503 

0-1255 

2-950 

221-7 

0  1390 

11-01 

308-1 

0-730U 

'I  be  noticed  that  the  different  salts  of  iron  all  have  different 
on  spectra,  the  nitrate  is  very  slightly  coloured  indeed ;  the 

brown,  and  the  chloride  bright  yellow.  Ferric  hydroxide 
several  hundred  times  more  light  than  the  salts,  and  ferric 

inido   absorbs  nearly   twenty   tirae^   as  much    light  as    the 
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Appendix. — Table  I. 

T  is  the  light  transmitted  by  a  tube  full  of  water  100*1  cm.  long,  as  directly  deter- 
mined. 


Waye-length. 


Mean. 


752  —708 
752  —708 
740  —697 
708  -692 
693  — 07G 
693  —673 
693  — G68 
679  — (J66  -5 
681  -5—058  -5 
678  — 6H1-5 
663  —651  -5 
646-5—626 
641  -5-  627 
636  -5—622 
636  -5-622 
629  -620-7 
623  —603 
612  -594-2 
607  -5—592  -3 
603  -5-589 
697  -5—590 
698-5—584 
593  -5—578  7 
593-5- 578-7 
590  —576-7 


•5 
•7 


730 

730 

718 

700 

684 

683 

680 

672 

670 

669-7 

657-2 

636-2 

634-2 

629-2 

629-2 

624-8 

613 

603  1 

599-9 

595-7 

693  -7 

591-2 

686  1 

58({  -1 

583-3 


T. 


0-2447 
0  -2471 
0  •3C»60 
0-4497 
0-5460 
5445 
5396 
5983 
5904 
5984 
6215 
6586 
6661 
0  -6777 
0  -6596 
0-6830 
0-6915 
0  -7057 
0-7185 
0  -7260 
0-73G5 
0-7868 
0 -7925 
0-7855 
0-8117 


0 
0 
0 
0 
0 
0 
0 
0 


Wave-length. 

Mean. 

T. 

589  -2-571  -5 

580 

0  -8332 

682     -576  -8 

579  -4 

0  -8228 

572    —562-5 

567-2 

0 -8471 

572     —562-5 

567-2 

0-8424 

568  -6-562  5 

565-5 

0-8499 

570     — 5<U 

565-5 

0  -8363 

551  -5—540 

545-7 

0-8650 

551  -5—540 

545-7 

0  -8625 

523     —517  -2 

620-1 

0-8675 

519-7     510-2 

514  -9 

0  -8696 

513-3     506-7 

610 

0  -8749 

513-3—606-7 

510 

0-8700 

507  -5—501 

504-2 

0  -8763 

496-2-487-5 

491*8 

0  -8705 

488  -3—481  -5 

484-9 

0 -8752 

468-3— 461  5 

464-9 

0  -8694 

468-3— 461-5 

464-9 

0  -8742 

460  -3—455  -3 

457-8 

0  -8632 

454-2—446-8 

450-5 

0-8689 

446-7—441-2 

443-9 

0-8702 

432    —428 

430 

0-8456 

432     —427-8 

429-9 

0-8296 

433  -5—426  '4 

429-9 

0-8277 

427  -3—420 

423-6 

0-8178 

418     —411 

414-5 

0  -8147 

1 

A  hsorption  Spectra  of  Dihde  SolutionB, 


153 


Table  II. 

The  letters  have  the  following  significations  :— 

e  s  concentration  of  the  solution  in  gram^molecoles  per  litre.  The  molecular 
weight  used  is  given  after  the  formula  of  the  suhstanoe. 

I  =»  length  of  the  layer  of  solution. 

T  —  light  transmitted  bj  the  tube  of  solution. 

c  s  extinction  coefficient  for  1  cm.  of  solution  containing  1  grram-molecule  per 
litre. 


I.— CUSO4  =  159-6. 

II.— CUSO4. 

C   '• 

=  0003768. 

e  «  000366. 

I 

=  100-1  cm. 

I  =»  1001  cm. 

Wave-length. 

Mean 
X. 

T. 

€. 

Wave-length. 

Mean 
A. 

T. 

c. 

657 -3-647 -5 

652-4 

(»0576 

2-764 

512-7—508 

510-8 

0  -8357 

0-0477 

637     —625  -8 

631-4 

0-1400 

1  1-806 

535    —528 

631-5 

0  -7961 

0  1018 

618     —608 

613 

0-2521 

1165 

558  -5—551 

654-2,0-7108 

0  -2230 

603     —592-7 

507-8 

0 -3852 

0 -7166 

570    —564 

567 

0  -6131 

0  -3791 

5S7-2— 578-5 

5S2  -8 

0-5292 

0-5004 

584    —578 

581 

0-5369 

0-5041 

570     —564 

567 

0  -6317 

0  -3339 

601  -5—592  -5 

597 

0-3640 

0-8066 

558  -3—553  7 

556 

0-7119 

0-2129 

618    —608 

613 

0  -2331 

1-293 

547  -2—542 

544-6 

0  -7568 

0-1514 

638         625-5 

631 -7  0-1314 

1-934 

519    —510-2 

514-6 

0-8404 

0-0407 

657-5-646 

651 -2 '0-0495 

3-033 

486    —478 

1482 

1 

0 -8733 

0  -00127 

II 

I.  -CUSO4. 

IV.— CuClj  =  134-6. 

c  - 

=  0  003754. 

c  =  0  003969. 

I  -- 

=  100-25  cm. 

I  =  100-1  cm. 

Wave  length. 

Mean 
X. 

T. 

f. 

Wave-length. 

Mean 
A. 

T. 

1 

c. 

643  -5—632 

637  -7 

0  -0931 

2-264 

486    -478-5 

482-2 

0-8728 

0  -00176 

621     —613-5 

017-2 

0-2004 

1  -4-26 

519    —510-6 

614-7 

0-8423 

0  -0360 

606-5—597 

601-7 

0-3106 

0-9070 

537     —529-5 

533-2 

0-787910-1052 

589  -5-582 

585  -7 

0-4801 

0-5958 

547     —542 

544-7 

0-7402   0-1715 

575     —566-5 

570-2 

0  -5930 

0-4020    5:>9  •5—554-5 

557 

0 -6870  0 -2394 

661     —555  -5 

558  -5 

0-6802 

0  -2631 

570    —564      1 

567-2 

0-6085   0-3577 

538-5-531 

534-7 

0-7752 

0-1286 

586     —578 -5  1582-2 

0  -4931 1  0  -5535 

516     —510-5 

513-2 

0-8437 

0-0372 

602  -5—592  -5  '■  597  5 

0  -3446 

0  8029 

484    — 476-5 

480-2 

0  -8693 

0-0061 

615-5—608       611-7 
637    —627-5   632  2 

0  -2131 
0-1127 

1-292 
1-950 

657    — 647-6:652-2 

0-0441 

2-916 
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Table  II 

■conttnued. 

v.— CuCNOj),  =  187-6 

• 

VI.— Cu(N03)j. 

c  =  0  003964. 

c  =  0  003819. 

I  =  1001  cm. 

I  =  100-25  cm. 

Wave-length. 

Mean 
A. 

T. 

e. 

Wave-length. 

Mean 
A. 

T. 

c. 

666    —645 

650-5 

0  -0519 

2-749 

662    —651 

656-6 

0-0292 

3-4785 

636    —623-5 

629-7 

0  1245 

1-849 

639  -5-629 

634-2 

0-0926 

2-2416 

617    —608 

612-6 

0-2289 

1-214 

620    —612 

616 

0-1963 

1-4264 

602-5— 501 

696-7 

0-3551 

0-7600 

604    — 69i-5 

599-2 

0-3123 

0-9364 

586    —  578-6 

582-2 

0-5055 

0-5265 

587    — 579-6 

583-2 

0-4665 

0-6332 

570    —  564-6 

667-2 

0  -6247 

0  -3284 

572    —565 

568-5 

0-6924 

0-3965 

548    —542 

645 

0-7718 

0-1220 

560    —554-6 

557-5 

0  6735 

0-2703 

619    —511 

516 

0-8478 

0  -0290 

536     —529-6 

532-7 

0  -7767 

0-1254 

1514     -609 

511  -5 

0-8197 

0-0695 

■482     —476-5 
i 

479-2 

0  -8618 

0-0133 

VII.— Cu(N03)a  =  187 

6. 

VIII.-CuBrs-223-6. 

c  =  0-00564. 

c  =  0-006304. 

i  =  100  -25  cm. 

Z  =  100  1  cm. 

Wave-length. 

Mean 
A 

T. 

i 

Wave-longth. 

Mean 
X. 

T. 

c 

639    —623-5 

631-2 

0  0579 

1  -8827 

637    —625 

631 

0-0533 

2-0738 

618 -5-606 -7 

613-6 

0-1439 

1-2078    617    —607      !  612 

0-1373 

1-3264 

603  -3—591 

597-1 

0  -2665 

0  7671    6U1-6— 592 

596-7 

0-2558 

0-8498 

570    —563 

566-6 

0  -6496 

0-3299 

586  -5—578 

582-2 

0  -4132 

0-5583 

645-7—540 

542-8 

0-7236 

0-1360 

568  -6—562  -5   665  '5 

0-5288 

0-3887 

512    —503 

510 

0-8419 

0  0269 

557     —549      '558 
533     —527       630 
511-5—506-5   509 

0-6346 
0-7760 
0  -8342 

0-2430 
0  0921 
0-0362 

IX.— CuBrj. 

481     —474-5   477-7 

0-8689 

0-0041 

c  =  0  003303. 
I  =  100  25  cm. 

• 

X.     Cu(C,HjOj)-  =  181  -6. 
c  =  0  -003748. 

Wave-length. 

Mean 
X. 

T. 

e 

/  =  100-1  cm. 

Wave-length. 

Mean :     m 
A.     1      ■^• 

f 

668    —653 

665-5 

0-0436 

3  -45^2 

643     —633-5 
622    —612-5 

638-2 
616-2 

0-1234 
0  -2279 

2-2028 
1-4536 

1 

605  •6—595 

600-2 

0-3526 

0  -9175 

636  -5     624  -5 

630  -5  '  0  -0147 

4-4274 

589 -5- 581 

585-2 

0-5064 

0-6116 

616    —609 

012-5   0  0494 

3-0594 

573  -5—567  '5 

570-5 

0-6272 

0  -3814 

(502  -5     592 

597  -2  1  0  -1261 

2  -0170 

560  -5—555 

557-7 

0 -7051 

0-2519 

586     —578 

582       0  -2569 

1-3402 

538    —531 

534-5 

0  -7976 

0-1087    571-5—565 

568  -2  '  0  -4068 

0-8417 

483-5—477       i480-2 

0-8690 

0-0073     559     — 55i 

556-5   0-5226 

0-5704 

1 

547     —541 

544 

0  -6436 

0-3396 

537  -5—531 

534-2  0-7173 

0-2188 

516     —510 

613 

0  -8217 

0*0672 

- 

Absorption  Spectra  of  Dilute  Solutions, 
Table  ll — coHttmied. 
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XI.— Cu(C3H30.)2. 
f  =:  0  004203. 

;  =  100-1  cm. 


"WaTC-length, 


480  —474-5 
510-7—506-4 
533-5—525-8 
566  -6—547  6 
568  —560-5 
582  -7—574  5 
59ii  -5-590 
613-5—605 
634-5—622 


Mean 
X. 


477-2 
508-5 
529-7 
551-6 


T. 


564 -2  iO 


578-6 
593-2 
609-2 
628-2 


0 
0 
0 
0 


-8642 
'8243 
-7206 
•5549 
•4110 
-2633 
•1305 
0466 
0157 


0-0114 
0-0582 

0  -1921 
0-4516 
0-7452 

1  -1811 
1-797 
2-794 
3-885 


XIV.— Cu(C2H302)2. 

c  =  000479 

+  0-136  g.  mol.  acetic  acid. 
I  =  100  -25  cm. 


W'aTe- length. 

Mean 
A. 

T. 

9 

622    —609 
586  -5-577 
534    —527-5 

615  -5 
581-7 
530-7 

0  -0151 
01437 
0-6452 

3-460 
1-574 
0-2126 

XII.-Cu(CoH30o)o. 
c  =  0-0007144. 
I  =  100  -25  cm. 


Wave-length. 


Mean 
A. 


658  -6- 
639  - 
603  - 
572    - 


-646 -5  I  652 -5 
-625       632 
-591-5,597-2 
563      , 567  -5 


T. 


0-2981 
0-4069 
0-6183 
0  -7764 


4-595 
3-038 
0-9285 
0-5055 


XIII.— Cu(G«n302)«. 
=  0-00289 

+  0  -00885  g.  mol.  acetic  acid. 
-  100  -25  cm. 


Wave-length. 


620-5—611 
I  588  —580 
!  561  — 555 


Mean 
A. 

T. 

615-7 

584 

558 

0-1003 
0-8658 
0-6074 

2-893 
1-lOH 
0-5108 


XV.— Cu(CoH30o)2. 
c  =  0  -0007395 

+  0-00155  g.  mol.  acetic  acid. 
I  =  100-25  cm. 


Wave-length. 


Mean 
A. 


658-5—646-5   652-5 
639    —625       632 
603     —591-5   597-2 


T. 


0-28*'l 
0  -3947 
0-5%8 


572     —563      ;567-5  0*7801 


4-651 
3-113 
1-103 
0  -460 


M    1 
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XVI.— CgHaCNO.OK 
c  =  0  -001646. 
/  =  100*25  cm. 


Wave-length. 


680-5—659 
640-5—620 
604  —588 
572  —660 
618  -536 
537  —526 
527  —517 


Mean 
A. 


T. 


869-8 
I  630  -2 
i596 

566 

542 

531-5 

522 


0 -6675 
0-6083 
0-6788 
0  -7716 
0-6397 
0-4421 
0  1798 


«. 


0-1248 
0  -2703 
0-1806 
0-2400 
0-7903 
1 -7726 
4-144 


XVIII.— C«H,(N02)20K. 
0  =  0  -0001027. 
/  =  25-11  cm. 


Ware-length. 


494    —486-5 
486-5—478-5 


Mean 

A. 


T. 


t. 


490-2   0-5635 
482-5   0-3626 


480    —473        476-5 


474     -466 


470 


0-1814 
0-0834 


77-4 
151-8 
265-4 
398-6 


XXI.— C6H3(NOo)«ONn4. 
r  =.  0  -004739. 
I  =  25-11  cm. 


Wave-length. 


528    —520-3 
538     —531-5 
549  -5—641 
562-7-554-5 


XVII.— OeH3(NO.)20K. 
c  -  0  0004107. 
/  «  100 -25  cm. 


Mean 
A. 

T. 

«. 

524-2 
534-8 
545-2 
558  -6 

0-4335 
0-G663 
0-7820 
0  -8188 

2-652 
1-084 
0-499 
0-322 

Wave-length. 


532  -5—521 
522     —512 
512     —502  -5 
502    —494-5 


Mean 
A. 


526-8 
517 
507-2 
498-2 


T. 


0  -6921 
0-5328 
0-3105 
0-0961 


<. 


2-392 
5  159 
10-88 
23-26 


XIX.— c«H3(no2)«ok:. 

c  =  0  -0001027. 
/  =  100-25  cm. 


Wave-length. 

Mean 
A. 

T. 

510    —502 
502  3—493  -5 
493     -486 
486  -5—478 

506 
497-9 
489-5 
482-2 

0-5996 
0 -4114 
0  1848 
0-0413 

15-78 
31-7 
65-5 
128-7 


XX.— C6H3(NO-.).OK. 
c  =  0  -0000986. 
I  =  100 -25  cm. 


Wave-length. 


511  -3—505 
503  -5—498  -8 
487     —482-5 
484  -5-479  '5 


Mean 
A. 


T. 


508-2  0-6449 

501  -2  0  -4937 

484-8  0-0646 

482  0-0345 


13-22 
24-99 
114-3 
141-9 


XXII.— G6H3(NO«).ONIl4. 
c  =  0-001185. 
I  =  100  -25  cm. 


Wave-length. 


518-5—511-5 
528     —520-5 
539    —630 
552     —541 


Mean 
A. 


515 
524-2 
534-5 
546-5 


T. 


e. 


0-1243 
0-3640 
0-5615 
0-6477 


7-108 
3-177 
1-583 
1-045 
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Table  III — continued. 


XXIIL- 
c  *■ 

-CeHjCNOOjONH^. 
0-001185. 
25-11  cm. 

XXTV.— 

c  -  ( 
I  =  ( 

C«Hs(N0j),0NH4. 
5 -0004027. 
5-08  cm. 

VTaTe-lengtli. 

Mean 
X. 

T. 

c. 

Waye-length.     "^f*" 

A, 

1 

T. 

<. 

•>89    —530 
526  -7—521 
518    —611 
E08    —502 
499    —493 

534-5 

523-8 

514-5 

505 

496 

0 -7918 
0-7441 
0-5580 
0-2919 
0  0798 

1-758 
2-736 
6-920 
16-37 
35-26 

469-5—466 
476-6—472-7 
484  -5—478  5 
491     —486-5 

467-8 
474-6 
481-5 
488-8 

0-0744 
0-2022 
0-3844 
0-5631 

441-1 

264  0 

150-5 

83-2 

Table  IV. — Dinitrophenol  (Acid  Solution.) 

•  sr  0-001202  irram  molecule  dinitrophenol.  1 ,.. 

+  0-2132         „  ,.       HCl.  J-perUtre. 


Z  =  100  -25  cm. 


1 

Wave  length. 

i 

Mean  \, 

T. 

c. 

1 

517  -5—510 

513-8 

0-7884 

0  -3577 

498  -6—492 

495-2 

0-7783 

0  4149 

481     —478 

479-5 

0  -7444 

0 -5776 

467-3—464 

465-6 

0-6956 

0-8100 

467  -5—464 

465-8 

0  -7110 

0-7328 

457    —451-5 

454-2 

0-5396 

1-713 

446     —440 

443 

0-3680 

3-0606 

507    —500 

503-5 

0-7963 

0-3803 

Table  V. — Dinitrophenol. 


re  length. 


m 

-—493 

—495 

—495 

—485-3 

-477 

-400-7 

-478-5 

-491-2 

-475 

470 

490  5 

498 

V72 

.77  -7 

76-5 


Mean  \. 


480-2 

496 

497-5 

497-7 

487-2 

479-2 

493-3 

480-8 

493-6 

476-8 

472  1 

493-2 

496-2 

473-8 

480  1 

479 


Concentration. 


0  -001581 


0  -0007905 

0  -000395 

0  0001581 

0  -00001581 

0  -002886 
0-002886 


/. 


6-08 
25-11 

6-08 
25-11 

25-11 

25-11 

100-25 

6-08 
6-08 


T. 


f. 


0  -3194 

46-69 

0  -7316 

9-44 

0-4380 

7-829 

0-4977 

6-421 

0  1335 

20-8 

0-4539 

61-58 

0-5285 

11-52 

0-1650 

36-93 

0-6055 

17  11 

0  1337 

83-07 

0-1992 

163-9 

0-7200 

23-83 

0  -7761 

32-3 

0  -3153 

278-5 

0-2378 

32-86 

0  -2329 

33-37 

A 
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XXV.-FeCI, 

c  =  0-000 

;  =  25'ii 


-^43        446 -5  [0 -5304    342  3 

— 106        470     1 0  ■1)081    B72'* 

48C'5 — 178-5    48£-5l0-(;627    204-9 


19e-5|0*3265  168-5 
618-6  0-4133  ■  137-2 
Ci6a-S  O-filflBl  63-8 
591-5|0-620H      32-1 


XXVIII.— PeClj. 

c  =  0  000101. 
/  =  6  -08  cm. 


4e0-5— 154-5  4575  0-S866  296-4 
— 173  476-6  0-ta67  190-2 
503-5— 4«5-5    490-6  0-7356    144-C 


473 -5— 466.3 

487-5-47 
B03'5~4fl6-5    ■ 


SJ£Vr.— FoClj. 

4  =  0-000332 

+  0-000*07  gr.inol.NHj 


WnTe-Unglh. 

T. 

•■ 

502-3—486-3 

400-3 

0-01D2 

200-6 

507    —502      1504-S 

0'0314 

174 

^ 

il7-3-nU        B14-2 

0-060a 

149 

S 

iZ7  -5—5^1       ■  524  -2 

0-OS98 

IIU 

539-6— 630-5    535 

0-1443 

»5 

550-5—544        547-2 

0  -2165 

r) 

076-5-568-5   572-5 

0*J«t 

40-7 

XXVII.-Fea,. 

r  =  OOOOIOl. 

I  -  25-11. 

497-5   0-3574 
I    516 -B   0-4444 

10-5713 
H-5-670       577-2'0-73i0 


228-5 
198-3 
157-2 


XXIX.— PeCTj, 
c  =  0-00036. 
/  -  25-11, 


507 


-8— 106-. 
-B02 
617-3—511 
527-6-521 
539  -5—630  -. 
650-5—544 
576-3—568-1 


Kffim 

T. 

499-3 

0-0328 

504-5 

0  0381 

614-2 

0-0664 

624-2 

0-1063 

536 

0-1780 

547-2 

0-2173 

572-5 

0-4173 

Absorption  Spectra  of  Dilute  Solutions. 
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Table  VII.— Colloid  Ferric  Hydroxide. 

The  concentration  i«  giTcn  in  gram  molecules  per  litre,  a  gram  molecule  being 
aken  as  that  quantity  which  contains  1  atom  of  iron. 


Fe(0H)3. 
c  =  0  09865. 
I  «  0*338  cm. 


T^ave-length. 


545    —586 
667    —647 

570  —558*5 
584  —570 
600  —584 
616  —600 
634  -S— 616 
674-5—666 


Mean 

T. 

A. 

540*6 

0  0293 

552 

0  0702 

564-2 

0*1402 

577 

0  -2227 

592 

0*2980 

608 

0*3767 

625*2 

0*4142 

666*2 

0*5409 

44*5 
33*1 
23*9 
17*87 
14*32 
10*91 
9*63 
6*12 


<r  =  0*000568. 
I  =  25  -11  cm. 


521—611 
532—521  -5 
555—542 
577—564 
606—692 


516 

0-0469 

526-8 

0  0966 

548-5 

0*2736 

570-5 

0*4590 

599 

0  5666 

89-98 
67-81 
36-07 
20-94 
12-52 


Fe(OH),. 
e  -  002681. 
I  B  0*982  cm. 


Wave-length. 


533  —523 
544  *5— 534 
555  5-645 
567  —557 
594  —582 
628  •6—613 
674*5—663 


Mean 

T. 

\. 

528 

0-0824 

539-2 

0  -0782 

560-2 

0  -1471 

662 

0  2367 

688 

0*4009 

621 

0-5279 

663-8 

0-6218 

61-06 
47-76 
33-04 
24*29 
14-86 
9-16 
6*61 


e  »  0-000668. 
l^  6-08. 


486  —482*8 

484-1 

0*0691 

446  —442-5 

444-2 

0-1089 

484  —468*6 

461*2 

0-1598 

486  —478-6 

482*2 

0-1920 

500  -5—494 

497-2 

0-2804 

519  —611 

616 

0  4260 

642  —530 

636 

0-6926 

820-7 
263*8 
216*8 
193-9 
146-8 
94*4 
68*1 


Ferric  Hydroxide. 
c  «0  0001254. 
i  =.  26  11  cm. 

5—562  5 
5—508 
—475-5 

570 

513-2 

480*2 

0-7583 
0  -4118 
0  -2056 

22*23 
107*2 
202*4 

c  «  0  -0001254. 
i  -  6  08  cm. 

—421  *5 
-439-5 

423-8 
442*8 

0*5590 
0-4132 

263*6 
431*6 
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Table  YIII. — Acid  Solntions  of  Ferric  Chloride. 


XXX.-FflCl,  -  0-001995 graa-mol. 

XXXL-FeCl,  =  0-001284. 

HCl  =  0-00*66. 

HCl  =0-0094. 

t  =  100-25  om. 

I  =  lOO  -25. 

Wavolength. 

Mean 

T. 

■■ 

Wsre-lBngth. 

Meui 

T. 

■■ 

507  5—585 

691-2 

0-7322 

0  0890 

129-6—424-5 

427-1 

0-3150 

3-254 

558    —547 

652-6 

0-7965 

0 

1700 

130     —434-3 

436-7 

0-4713 

1-999 

523  -5—516 

610-8 

0-7172 

0 

4185 

153  -6— 148  -5 

461-0 

0-6648 

0-948 

*90     —483 

■t86 

0-6770 

0 

9000 

188-5—480 

484-2 

0-7802 

0-382 

475  -5—468 

471-9 

0-4815 

1 

299 

544-3-686 

640-2 

0-8077 

0-232 

402     —465 

450    —446 

458-6 
4t7-6 

0-3900 
0-2907 

a 

744 
969 

452     —445-5 

449 

0-2929 

2 

353 

XSXII.— Fca,  =  0-001278. 

430-6— 428-8 

428-8 

0-1056 

4-600 

HCl    -0-0179  cm. 
i- 100 -26. 

XXXia-FaCI,  =  0-00- 

25. 

U»n 

HCl  -0-06 

WsTs-length. 

T. 

,, 

I  -  100- 

5  cm. 

■ff-Te-lenglh. 

Mean 

T. 

422-6— 415-5 

419 

0-1903 

4-930 

435    ^24-5 

429-6 

0-3391 

3-078 

446    -^38 -6 
464     ^7 

4-42-2 
480-6 

0-6861 
0-8030 

1-299 
0-767 

4Se    —434 

436-6 

0-045G 

2 

984 

482  -5—177  -5 

480 

U-8I01 

0-299 

+44    —439 

441 

0  1231 

1 

079 

507-5—501-6 

504-6 

0-9304 

0-189 

463     — 464-S 

458-1 

0-4550 

668 

534    —528 

531 

0-8380 

0-116 

487-5—480-5 

484 

0-7560 

0 

149 

668-6—662-6 

666-6 

0-9144 

O-liB 

520-5-616 

618-2 

0-7996 

0 

086 

506 -6-560 -5 

563-5 

0-7769 

0-090 

XXXV.-FcCl,  =-  0  -3095. 

XXXI7.— Fed,  =  0  00 

3. 

HCl  -  0-814. 

HCl  =0-03 

1  =  6  08  cm. 

f  -  100- 

'6  cm. 

W»ye  length. 

Mean 

T. 

, 

Usau 
X. 

Wwe  lenglli. 

T. 

'- 

* 

511  -5-506 

508-8 

O'IKtO 

0-46SS 

431     — 42G-3 

428 -6 

0-2640 

3-851 

520-3-617 

618 -6 

0-2718 

0-27J2 

446  -8—430  -8 

443-3 

0-5879 

1*372 

530-5— 525-6 

628 

0-4030 

0-1864 

462-7^456-2 

450-6 

0-7472 

0-&07 

567  -5—561 

664-2 

0-5380 

O-llW 

4S2  ■6—478-5 

4S0-6 

0-8197 

0-214 

I„n.a^«™                       1 

517    —611 
5U1-6— 5S4 

614 

567-8 

0-838B 
0-S392 

0  124 
0-062 

479-5-^75-5 

486-5-482 
494    -490 

477-6 

484-2 

0-0808    a-60M 
0-20401  2-2074 
0-8524    1-3S46 

502-6— 498 -5 

BOO- 6 

0-5379    0-74W 

612    —508 

510 

0-6t4.J    0-47» 

622    —517-5 

519-3 

0-7108    0-3S8i 

I  =  0  338  cm. 

480    —473     1  476-510-3878    S-42tO 

470    — 463-6   4a6'8  0-164S    6-9SK 

«J0  ■5_464 -5   467-5  0  0316  13-8M 

\           ^ 

Absorption  Spectra  of  Dilute  Solutions. 
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Table  IX. 


10  Sulphate  (Acid  Solution). 
498  gram  molecule  ferric  sulph- 
ate  (iFe3(S04),)  +1-528  gram 
eq.  iH^O^). 
'4nm. 


I  =  0-257  cm. 

467       1470-5   0-94491  0-1281 

455         457  -8  !  0  9383  '  0  1436 

438      I  440  -6  1 0  -7277  !  0  7180 


Ferrio  Nitrate  (Acid  Solution). 
0*422  gram  molecule  Fe(N03),. 
0-633     „  „        HNOj. 

I  =  24*77  cm. 


sngth. 

Mean 
A. 

T. 

t. 

661 

610-5 

572 

524 

495-5 

571-5 
618-5 
579-2 
529-5 
499-8 

0-4623 
0-4060 
0  -2494 
0*1953 
0  -2579 

0  -0756 
0 -0895 
0  1433 
0  1650 
0  1369 

Wave  length. 


680  —660 
587  —570 
524    —515 


486-5—480 
459  -5—454 


Mean 
A. 

T. 

670 
578-5 
519  5 

0-2876 
0-1603 
0-1083 

I  =  5*74  cm. 


483-2 
456-8 


0  -6131 
0  -5297 


0*0474 
0-0780 
0-0919 


0-0874 
0-1136 


Ferric  Sulphocjanide  (Ether  Solution), 
c  =  0  -00148  gram  molecule  Fe(SCN)5. 
i  =»  0  -34  cm. 


Wave 

length. 

Mean 
A. 

T. 

603  -2- 

-588 

595-6 

0-0352 

618  -6- 

-603-2 

610*8 

0-0973 

638  -5- 

-622 

630-2 

0  -2305 

650    - 

-630 

6U) 

0  -334S 

669  .- 

-651 

660 

0-5308 

695    - 

-669 

682 

0*6983 

<. 


2769  3 

1871-7 

1147  -3 

825-1 

427-5 

190-8 


ni. 
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December  6,  1894. 

The  LORD  KELVIN,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  President  annoonoed  that  he  had  appointed  as  Vice-Presi- 
dents— 

The  Treasurer. 

Sir  John  Kirk. 

Professor  J.  B.  Sanderson. 

Professor  T.  E.  Thorpe. 

The  following  Papers  were  read : — 

I.  *'  Experimental  Researches  on  Vegetable  Assimilation  and 
Respiration. — No.  I.  On  a  New  Method  for  Investigating 
the  Carbonic  Acid  Exchanges  of  Plants."  By  F.  F. 
Blaokman,  B.Sc,  B.A.,  St.  John's  College,  Demonstrator 
of  Botany  in  the  University  of  Cambridge.  Communicated 
by  Francis  Darwin,.  F.R.S.   Received  November  15, 1894. 

(Abstract.) 

All  the  processes  hitherto  available  for  the  estimation  of  carbon 
dioxide  in  its  biological  relations  are  open  to  serions  objections, 
either  on  the  score  of  the  amount  of  time  involved  in  their  perform- 
ance, or  of  their  inadaptability  to  the  estimation  of  small  quantities 
of  carbon  dioxide  when  slowly  evolved. 

The  present  communication  describes  an  apparatus  in  which,  as  a 
result  of  two  years*  work,  I  have  succeeded  in  combining  a  hi^rh 
degree  of  chemical  accuracy  with  special  adaptability  to  biologicil 
research. 

Thus  by  its  aid  the  evolution  of  GOt,  by  a  single  germinating  seed 
or  by  a  small  area  of  a  foliage  leaf,  can  be  accurately  estimated  from 
hour  to  hour  without  a  break,  for  any  desired  time,  while  for  the  same 
area  of  leaf,  the  more  active  absorption  of  GOt  in  assimilation  can  he 
easily  determined  for  such  short  periods  of  time  as  fifteen  minntaii 
and  that  at  the  same  time  separately  for  the  two  surfaces  of  one  and 
the  same  leaf  area.  Further,  for  the  purposes  of  this  asaimilatioB, 
a  current  of  air  containing:  any  desired  proportion  of  COs,  hawent 
amall.  can  be  supplied  continuously  to  the  tissue  under  investigatioiiy 
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while,  if  desired,  estimations  of  the  COj  evolved  in  respiration  by 
some  other  part  can  be  carried  on  simultaneonslj  in  a  separate  cur- 
rent of  air  freed  from  GOa.  This  is  made  possible  by  the  apparatus 
being  practically  in  duplicate ;  strictly  comparative  experiments  can 
thus  be  carried  out. 

The  actual  estimation  of  the  COa  is  accomplished  by  the  well- 
known  method  of  absorption  by  baryta  solution  and  titration  with 
hydrochloric  acid.  The  novelty  consists  in  this,  that  only  a  very 
small  quantity  of  baryta  solution  (under  15  c.c.)  is  employed  in  each 
experiment,  and  that  after  the  absorption  the  whole  of  this  is  titrated 
with  acid  in  the  tube  in  which  the  absorption  has  taken  place. 
Further,  the  burettes  containiup^  the  standard  solntions  are  always  in 
air-tight  connection  with  this  absorption  chamber,  and  no  air  beyond 
the  current  under  investigation  is  ever  admitted  to  the  chamber, 
except  such  as  has  been  carefully  freed  from  COa.  The  special 
arrangements  for  stirring  and  emptying,  by  means  of  this  air,  freed 
from  COa,  and  stored  under  pressure,  cannot  be  entered  into  here. 

The  two  currents  of  air  passing  continuously  through  the  apparatus 
are  generated  by  two  aspirators  of  a  special  type,  which,  worked  on 
the  principle  of  Mariotte*s  bottle,  give  a  practically  constant  outflow 
in  drops,  whatever  the  level  of  the  water  within  them,  and  are 
a'iapted  to  work  steadily  with  small  rates  of  flow  (50  to  100  c.c. 
per  hour).  These  currents  enter  the  apparatus,  either  through  an 
arrangement  for  removing  the  COa  when  working  on  respiration, 
or  when  working  on  assimilation  through  one  for  adding  COj. 
Both  these  are  so  constructed  that  the  current  never  has  to  bubble 
through  a  layer  of  liquid,  and  so  is  supplied  to  the  plant  at  strictly 
atmospheric  pressure,  thus  avoiding  any  risk  of  drawing  gases 
mechanically  out  of  the  part  under  investigation.  The  remover  of 
COi  is  a  "  tower  "  full  of  beads,  over  which  a  stream  of  strong  potash 
flows  continuously,  and  through  which  the  air  is  drawn.  The  COj 
generator  is  constructed  on  a  new  principle,  and  consists  of  a  tall 
tube  containing  fragments  of  marble,  through  which  the  air  current 
passes  at  a  constant  rate,  while  very  dilute  HCl  trickles  down  it  at  an 
extremely  slow  rate,  which  is  made  constant  and  independent  of 
external  variations  of  temperature  by  special  arrangements.  Thus  a 
constant  amount  of  COa  is  being  continually  generated,  and  is  carried 
off  by  the  air  current.  The  amount  of  COi  formed  can  be  controlled 
by  the  strength  of  the  acid  employed.  When  generating  amounts 
below  2  per  cent,  of  the  air  current,  this  arrangement  works  very 
oonstantly.  From  the  COa  generator  or  remover,  as  the  case  may  be, 
the  current  of  aii*  passes  to  the  receivers,  in  which  the  parts  of  the 
plant  under  investigation  are  situated.  These  receivers  are  of  various 
forms,  according  to  the  material  experimented  on,  but  are  all  con- 
structed on  the  cardinal  principle  of  making  them   aa  ^m^  ^^ 
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possible  consistent  with  the  well-being  of  the  part,  in  order  that 
changes  in  the  composition  of  the  gas  shall,  as  soon  as  possible,  be 
felt  by  the  current  which  passes  thence  through  narrow  tabes  to  the 
absorption  chambers.  When  titrations  are  being  made,  and  the  air  cnr- 
reut  can  no  longer  be  allowed  to  pass  through  the  absorption  chambers, 
it  passes  through  a  column  of  water  equal  in  its  resistance  to  that  of 
the  baryta  solution  in  the  absorption  chamber.  This  enables  the 
rate  of  flow  to  be  kept  constant  between,  as  well  as  during,  the  actual 
experiments.  Numerous  other  details,  such  as  the  special  method  of 
refilling  the  burettes,  <&c.,  and  above  all  those  small  points  by  which 
constancy  is,  as  far  as  possible,  attained,  many  of  which  have  involved 
weeks  of  special  experiment,  cannot  be  described  here. 

Simplification  of  technique  by  complication  of  apparatus  has  been 
the  guiding  principle,  and  the  result  is  that,  although  the  whole  con- 
sists of  at  least  eight  separate  pieces  of  apparatus,  many  being 
further  in  duplicate,  and  all  connected  together  by  a  plexus  of  tubes, 
yet  the  working  is  so  automatically  arranged  that  the  operator, 
beyoiid  reading  the  burettes  and  occasionally  working  a  finger  bellows, 
has  nothing  to  do  but  turn  stopcocks. 

If  only  one  series  of  estimations  is  being  made,  these  can  be  kept 
absolutely  consecutive,  the  current  being  led  throngh  one  of  the 
absorption  chambers,  while  the  solntion  in  the  other  one  is  being 
titrated  and  renewed,  and  so  on  alternately.  When  two  series  of 
comparative  estimations  are  being  made  at  once,  a  small  interval 
must  be  allowed  after  each  double  estimation,  during  which  the 
titrations  are  performed  ;  the  currents  of  air  in  connection  with  the 
plants  then  pass  through  bye-paths,  still  at  their  previous  rate.  This 
interval  (in  which  a  double  titration,  emptying  and  refilling  of  the 
absorption  chambers,  is  accomplished)  can  be  reduced  to  ten  minutes. 

Delicacy  of  estimation  sufficient  for  present  work  is  obtained  by 
the  use  of  half-decinormal,  N/20,  standard  solutions.  Phenolphtha- 
lein  is  used  as  indicator,  and  specially  delicate  end-reactions  can  be 
obtained,  since  atmospheric  COa  is  excluded,  and  moreover  the 
burettes  containing  both  the  solutions  can  be  drawn  upon. 

The  burettes,  narrow  and  graduated  in  1/10  c.c,  are  read  to 
1/100  c.c,  with  a  simple  arrangement  for  avoiding  parallax.  All 
other  usual  precautions  are  taken,  and  series  of  control  titrations, 
with  an  error  of  observation  of  not  more  than  0*1  per  cent.,  are  often 
obtained.     This  corresponds  to  1/200  c.c,  COj. 

In  experiments  of  short  duration,  1/50  c.c.  COa  is  found  to  be  sniB- 
cient  for  a  trustwoi  thy  estimation  from  which  definite  conclusions  may 
be  drawn. 

The  communication  immediately  following  the  present  one,  illiis- 
trates  the  applicability  of  this  apparatus  to  the  investigation  of  minaie 
quantities  of  carbon  dioxide. 
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II.  "  Experimental  Researches  on  Vegetable  Assimilation  and 
Respiration. — No.  II.  On  the  Paths  of  Gaseous  Exchange 
between  Aerial  Leaves  and  the  Atmosphere."  By  F.  F. 
Blaceman,  B.Sc,  B.A.,  St.  John's  College,  Demonstrator 
of  Botany  in  the  University  of  Cambridge.  Communicated 
by  Francis  Darwin,  F.R.S.    Received  November  15,  1894. 

(Abstract.) 

On  the  qnestion  of  the  path  by  which  carbonic  acid  passes  out  of 
the  leaf  in  respiration  and  into  it  in  assimilation,  whether  this  takes 
place  by  the  stomatal  openings  or  through  the  continuous  sarface  of 
the  cuticle,  all  possible  extreme  and  intermediate  views  have  been 
expressed  in  recent  text-books  of  botany.  On  account  of  the  smalU 
ness  of  the  quantities  of  gas  involved,  practically  no  attempt  has 
hitherto  been  made  to  determine  this  qnestion  bj  direct  estimation. 
The  existing  experimental  evidence  is  all  of  an  indirect  nature,  and 
tends  rather  to  support  the  view  that  the  exchange  is  a  cuticnlar 
phenomenon. 

An  ingenious  synthesis  of  Graham's  observations  on  the  compara- 
tive readiness  with  which  COj  osmoses  through  thin  films  of 
caoutchouc,  with  observations  by  Fremy  and  others  on  the  similarity 
between  cuticle  and  caoutchouc  in  chemical  composition,  first  led 
Barth^lemy  (1868)  to  put  forward  the  view  that  the  cuticle  was 
specially  adapted  for  transmitting  CO3  from  the  external  air  to  the 
assimilating  cells  beneath  it.  This  view  he  supported  by  experi- 
ments on  the  artificial  osmosis  of  gases  through  leaves.  About  the 
same  time  Boussingault  performed  experiments  that  seemed  to 
definitely  show  that  in  assimilation,  the  COa  taken  up  by  the  leaf 
entered  it  through  the  upper  surface,  devoid  of  stomata,  to  which 
the  assimilating  cells  are  adjacent,  rather  than  through  the  more 
distant  stomatal  openings.  These  experiments  have  hitherto  been 
generally  accepted,  but  I  shall  show  later  that  the  conclnsions  drawn 
from  them  are  entirely  fallacious.  In  support  of  the  view  that 
stomata  form  the  paths  of  gaseous  exchange,  besides  scattered  induc- 
tions by  various  workers,  we  have  the  conclusion  arrived  at  in  1888 
by  Mangin,  from  diffusion  experiments  on  isolated  cuticle,  that  this 
diffusion  is  insufficient  to  account  for  the  whole  gaseous  exchange  of 
the  leaf. 

By  the  aid  of  the  apparatus  described  in  a  previous  paper,  the 
author  has  been  able  successfully  to  attack  the  problem  directly  by 
egti mating  the  amounts  of  CO^  given  out  or  taken  in  by  the  two 
surfaces  of  the  sanie  leaf,  under  the  same  conditions.     For  v\i\&  "^xilv- 
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pose,  shallow  capsules  10  sq.  cm.  in  area,  consisting  of  a  glass  plate 
with  a  metal  rim,  through  which  tubes  for  the  circulation  of  the  air 
current  pass,  are  employed.  Two  of  them  are  affixed  to  a  leaf  on 
opposite  sides  of  the  same  area  in  air-tight  union  bj  means  of  soft 
wax.  Then,  in  the  way  described  previously,  two  continuous  currents 
of  air  can  be  kept  up  over  the  two  surfaces,  and  the  GOs  produced 
or  taken  in,  during  a  given  time,  by  each  of  them  be  determined. 

Numcroas  experiments  on  the  respiration  of  a  variety  of  leaves, 
thick  and  thin,  with  the  stomata  all  on  the  one  side  or  with  stomata 
variously  distributed  on  the  two  sides,  agree  in  showing  that  the 
stomata  are  the  site  of  the  exhalation  of  this  gas.  When  no  stomata 
are  present  on  the  upper  surface  of  a  leaf,  then  practically  no  COt  is 
exhaled  from  that  surface,  at  least,  not  more  than  &v11b  within  the 
working  error  of  the  apparatus  under  these  conditions,  while  more 
than  thirty  times  as  much  may  be  given  off  from  the  lower  stomati- 
ferous  surface.  When  stomata  occur  on  both  surfaces,  the  relative 
amounts  of  CO2  exhaled  closely  follow  the  ratios  of  the  numbers  of 
stomata. 

A  few  examples  in  illustration  of  this  may  be  given. 


A. 

B. 

c. 

Ampelopsis  kederacea 
Alisma  Planiago, . . . 
[ri»  gmnanica, .  •  •  • . 

Riciniu  cammmms . .  • 

i 

1 

0 
S 

135 
100 

100 
100 

100 
250 

0  '003 

c.c.  CO*  per  hour  per  10  §q.  cm 

0100               ^^             ^          ^ 

0  030                                         ,^ 

0025         "            "           "     ■^"'^•*™ 

0-029                                         ,^ 

0-020         "            '*           "    lOsq.  cm 

0-015                                         ,rt 

.—  ..                                                        Ifl  nn    mm 

3 

100 

120 

100 

110 
LOO 

100 

26o 

0  'O??           "               "             "                   «»«••  •  •  • 

Colamn  A  gives  the  proportionate  numbers  of  stomata  on  the  two 
surfaces ;  B  the  amounts  of  CO3  exhaled  by  these ;  G  the  ratios  of 
these  amounts.     Each  experiment  lasted  about  fifteen  hours. 

Experiments  on  the  absorption  of  GO9  during  assimilation  showed 
the  same  close  relation  to  the  distribution  of  stomata.  For  these 
experiments  a  constant  fixed  amount  of  CO9  must  be  introdaced  into 
the  air  stream  supplied  to  the  leaf,  which  makes  them  much  more 
complicated. 

As  hitherto  carried  out,  direct  sunshine,  continuous  for  several 
hours,  has  been  essential  for  the  success  of  these  experiments.  Tbef 
are,  consequently,  but  few  in  number,  though  perfectly  clear  in  their 
interpretation. 
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In  an  experiment  on  the  leaf  of  Ampelopsis  hederacea^  with  no 
Btomata  on  the  npper  snrface,  air  containing  1*6  per  cent.  COa  was 
anpplied  to  both  surfaces  at  the  rate  of  22  c.c.  for  every  fifteen 
minutes ;  of  the  0*37  c.c.  of  COt  thus  entering  the  capsule  on  the 
lower  sur&tce  in  this  time,  0*14  c.c.  was  absorbed,  while  none  at  all 
was  absorbed  by  the  upper  surface.  With  a  leaf  of  Alisma,  on  the 
contrary,  the  whole  of  the  COa — 0*15  c.c. — supplied  in  fifteen  minutes 
to  the  upper  surface  was  absorbed,  and  0*11  c.c.  of  that  supplied  to  the 
lower.  In  this  leaf  the  stomata  are  in  the  ratio  of  135  above  to  100 
below,  to  which  ratio  the  absorption  numbers  closely  correspond.  A 
very  simple  experiment  will  show  that  stomata  are  practically  the  sole 
path  of  entry  of  COa  for  assimilation.  If  part  of  the  lower  stomatio 
snrface  of  any  leaf  with  no  stomata  on  its  upper  surface  (^Spamnannia 
gives  very  clear  results)  be  coated  with  wax  so  as  to  mechanically 
block  the  stomata,  no  starch  can  be  formed  in  that  area,  while  the 
adjacent  areas  become  rich  in  starch.  I  performed  this  experiment  in 
1893,  and  showed  it  to  some  botanists ;  recently  it  has  been  published 
by  Stahl.* 

As  stated  previously,  the  theory  of  "  cuticular  exchange "  has 
hitherto  foand  its  strongest  support  in  the  experiments  of  Boussin- 
ganlt,  in  which,  under  similar  conditions,  leaves  of  Nerium  Oleander 
assimilated  less  when  the  upper  astomatiferous  surface  had  been 
coated  with  an  unguent  than  when  the  lower  stomatiferous  surface 
had  been  so  coated.  From  this  he  drew  the  obvious  conclusion  that 
the  CO2  of  assimilation  normally  passes  into  the  leaf  through  the 
cuticle  of  the  upper  surface.  Exposure  of  the  interesting  experi- 
mental fallacy  here  concealed,  however,  quite  reverses  the  interpre- 
tation of  these  experiments.  Boussingault  experimented  with  leaves 
in  an  atmosphere  containing  30  per  cent.  COa.  Now  the  optimum 
percentage  of  COa  for  assimilation  is  very  low  for  this  leaf,  and  the 
real  interpretation  of  the  result  is  that  the  diminished  decomposition 
of  COa  ill  the  leaf  with  open  stomata  is  due  to  its  obtaining  not  less 
COa  but  more  COa.  In  fact,  thei-e  penetrates  into  it  so  much  COa  that 
its  assimilatory  activity  is  lessened,  and  falls  below  that  of  the  other 
leaf  into  which,  owing  to  the  blocking  of  the  stomata,  the  COa  only 
diffuses  very  slowly,  and  cannot  exceed  the  optimal  strength.  This 
view  has  been  conclusively  proved  by  a  series  of  experiments  in 
different  strengths  of  COa.  In  a  small  percentage  the  leaf  with  its 
stomata  open  decomposes  more  COa  than  the  leaf  with  its  stomata 
blocked — a  result  just  the  reverse  of  Boassingault's. 

Further  evidence  on  the  possible  paths  of  gaseous  exchange  has 
been  obtained  by  investigating  the  degree  to  which  dififusion  of  COa 
can  be  artificially  produced  through  the  living  leaf.  Strong  mixtures 
of  COa  are  led  continuously  across  one  surface  of  a  leaf,  and  the 
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Rmonnt  which  diffnses  throagh  is  estimated.  On  supplying  31  per 
cent.  COt  to  the  lower  surface  of  a  leaf  of  Nerium  only  0*035  per 
cent,  appears  by  diffusion  in  a  slow  current  of  air  kept  continnally 
passing  over  the  upper  surface  of  the  leaf. 

Other  experiments  on  the  respiration  of  injected  leaves  also  support 
the  view  that  the  stomatal  openings,  in  spite  of  their  minuteness^ 
offer  a  very  much  easier  path  from  the  atmosphere  to  the  interior  of 
the  leaf  than  does  the  cuticle. 

Conclusions. — 1.  Under  normal  conditions  practically  the  sole  path- 
i«ray  for  COa  into  or  out  of  the  leaf  is  by  the  stomata.  Since  oxygen 
diffuses  more  readily  than  COa  through  fine  openings,  the  same  prob- 
ably holds  for  oxygon  and  the  whole  of  the  gas  exchange. 

2.  Under  abnormal  conditions,  when  the  stomata  or  intercellular 
spaces  are  blocked  and  the  surrounding  tension  of  COa  ^  great 
enough,  passage  of  COa  hy  osmosis  through  the  cuticle  may  take 
place. 

3.  That  such  closure  of  stomata  as  is  held  to  take  place  in  darkness 
does  not  prevent  the  distribution  of  gas  exchange  closely  agreeing 
wifch  that  of  the  stomata. 

4.  That  the  exhalation  of  COa  in  bright  light  by  a  leafy  shoot  in 
Garreau's  well-known  experiment  is  not  the  expression  of  any  phy- 
siological truth  for  the  leaf,  but  only  due  to  the  imperfections  of  the 
conditions ;  to  the  presence  of  immature  parts,  or  of  tissues  not  suffi- 
ciently green  or  not  fully  illuminated.  Mature  isolated  green  leaves 
fully  illuminated  assimilate  the  whole  of  their  respiratory  COa  ^nd 
allow  none  to  escape  from  them. 


Presents,  December  6,  1894. 
Transactions. 

Boston  : — American  Academy  of  Arts  and  Sciences.    Proceedingps. 

Vol.  XXIX.     8vo.     Boston  1894.  The  Academy. 

Brisbane: — Queensland   Branch,   Royal   Geographical   Society  of 

Australasia.     Proceedings  and  Transactions.     Vol.  IX.     8vo. 

Brisbane  1894.  The  Branch. 

Cambridge,  Mass. : — Museum  of  Comparative  Zoology.     Bulletin. 

Vol.  XXV.     Nos.  9—10.     8vo.     Cambridge  1894. 

The  Museum. 
Cracow: — Academic  des  Sciences.   Bulletin  International.  Octobre, 

1894.     8vo.     Cracovie,  The  Academy. 

Dublin : — Royal  Irish  Academy.   Transactions.    Vol.  XXX.    Parts 

13—14.     4to.     Dublin  1894.  The  Academy. 

Edinburgh  : — Botanical   Society.     Transactions  and   Proceedings. 

Vol.  XX.     Part  1.     8vo.     Edinburgh  1894.  The  Society- 


1894.]  Presents.  169 

Transactions  (continued). 

Edinburgh  Geological  Society.    Transactions.   Vol.  VII.   Part  1. 

8vo.     Edinburgh  1894.  The  Society. 

Glasgow : — Philosophical  Society.    Proceedings.    Vol.  XXV.    Svo. 

Glasgow  1894.  The  Society. 

Halifax,  N.S. : — ^Nova  Scotian  Institute  of  Science.     Proceedings 

and    Transactions.      Second    Series.    Vol.  I.     Part  3.    8vo. 

Halifax  1893.  The  Institute. 

Halle : — Verein  fiir  Erdknnde.    Mitteilungen.    1894.    8vo.    Halle, 

The  Society. 
Jena : — Medizinisch-Naturwissenschaftliche    Gesellschaf t.       Jena- 
ische  Zeitschrift.    Bd.  XXIX.     Heft  1.    8vo.    Jena  1894. 

The  Society. 

Kingston: — Institute  of  Jamaica.    Journal.    Vol.11.    No.  1.    8vo. 

Kingston  1894.  The  Institute. 

London: — Anthropological    Institute.       Journal.       Vol.    XXIV. 

No.  2.     870.     London  1894.  The  Institute. 

Aristotelian  Society  for  the  Systematic  Study  of   Philosophy. 

Proceedings.     Vol.  II.     No.  3.     Part  2.     8vo.     London  1894. 

The  Society. 
-British  Association  for  the  Advancement  of  Science.     List  of 
Officers,  Council,  and  Members.     1894.     8vo.     London, 

The  Association. 

British  Astronomical  Association.     Journal.    Vol.  IV.    No.  11. 

8vo.    London  1894.  The  Association. 

Clinical  Society.      Transactions.     Vol.  XXVII.     8vo.     London 

1894.  The  Society. 

Royal  Meteorological   Society.     Quarterly  Journal.     Vol.  XX. 

No.   92.     8vo.     London  1894 ;    The  Meteorological  Record. 

Vol.  XIV.    No.  63.     8vo.     London  1894.  The  Society. 

Royal   United  Service  Institution.     Journal.     Vol.  XXXVIII. 

No.  201.  *  8vo.     London  1894.  The  Institution. 

Madras : — Government  Museum.     Bulletin.     No.  2.     8vo.    Madras 

1894.  The  Museum. 

Moscow  : — Soci^t^  Imperiale  des  Naturalistes,     Bulletin.     Ann^e 

1894.    No.  2.     8vo.     Moscou.  The  Society. 

Naples : — Accademia  delle  Scienze  Fisiche  e  Matematiche.    Rendi- 

conto.     Anno  XXXIII.     Fasc.  8—10.     4to.    NapoU  1894. 

The  Academy. 
New  York : — American   Museum   of  Natural   History.     Bulletin. 
Vol.  VI.    Pages  306—320.    8vo.     [New  York]  1894. 

The  Museum. 
Philadelphia: — American    Philosophical    Society.       Proceedings. 
Vol.  XXXIII.    No.  145.     8vo.    Philadelphia  1894. 

ITie  Society 


170  Presents.  [Dec,  6» 

Transactions  {continued), 

St.    Louis: — Academy    of     Sciences.       Transactions.       Vol.  VI. 
Nos.  9—17.     8vo.     I8t,  Lotiis]  1893-94.  The  Academy. 

Salem:— Essex    Institute.      Bulletin.     Vol.   XXV.     Nos.   4—12. 
Vol.  XXVI.     Nos.  1—3.     Svo.     Salem  1893-94. 

The  Institute. 
Santiago : — Soci^t^    Scientifique    de    Chili.      Actes.      Tome   III. 
Livp.  4 — 5.     Tome  IV.     Livr.  2.     8vo.     Santiago  1894 

The  Society. 

Toky5 : — Imperial  University  of  Japan.    Calendar.    1893-94.    Svo. 

Tokyo  1894;  Joamal  of  the  College  of  Science.     Vol.  VHI. 

Part  1.     4to.     Tokyo  1894.  The  University. 

Wellington,  N.Z. : — Polynesian  Society.   Journal.   Vol.  III.   No.  3. 

8vo.     Wellington,  N.Z.  1894.  The  Society. 


Observations  and  Reports. 

Austria : — Osterreichische  Gradmessungs- Commission.     Verhand- 

lungen.     April,  1894.     8vo.     Wien,  The  Commission. 

Baltimore: — Maryland  State  Weather  Service.     Monthly  Report. 

Vol.  lU.     No.  12.      Vol.  IV.     Noo.  1—3.     8vo.     BaUimare 

1894.  Weather  Bureau,  Washington. 

Bombay : — CoUba  Observatory.     Report  on  the  Condition  and  Pro- 
ceedings for  tlie  year  ended  June  30th,  1894.    Folio.    Bombay, 

The  Observatory. 
Cape    of    Good    Hope : — Royal    Observatory.       Report    of    Her 

Majesty's  Astronomer.     1889-93.     4to.     London  1893-94. 

H.M.  Astronomer,  Cape  Town. 
Chicago : — World's  Columbian  Exposition.     The  United  States  of 

Venezuela  in  1893.     8vo.     New  York. 

Smithsonian  Institution,  Washington. 
Coimbra : — Observatorio.      Observa95es    Meteorological    e    Mag. 

neticas.     1893.     Folio.     Coimbra  1894.  The  Observatory. 

Edinburgh : — Royal     Observatory.       Circular.       No.    43.       4to. 

Edinburgh  1894.  The  Observatory. 

India: — Tide   Tables   for  the  Indian   Ports   for  the  Year  1895. 

2  parts.     8vo.     London,  India  Office. 

New  York : — State  Land  Survey.     Report  on  the  Progress  of  the 

Survey.     1891.     8vo.     Albany,  The  Saperintendent. 

Norway: — Norwegische   Commission  der  Europaischcn  Oradmee- 

sung.     Resultate  der  im  Sommer  1893  in  dem  nordlichsten 

Theile  Norwegens  ausgefiihrten  Pendelbeobachtungen.     Svo. 

Kristiania  1894.  The  Commission. 

San  Fernando  : — Institute  y  Observatorio  de  Marina.     Almanaque 

Nautico  para  1896.     8vo.    Madrid  I8y4.         The  Observatoxy. 


1894.]  Fresents.  171 

Observatioiia  and  Reports  (continued). 

Washington: — Barean  of  Eqaipment.     American  Ephenieris  and 
Nantical  Almanac.     1897.     8vo.     Washington  1894. 

The  Barean. 
Snr{^n- General's  Office,  U.S.  Army.     Index- Catalogne  of  the 
Library.    Vol.  XV.     4to.     Waahington  1894, 

The  Surgeon- General. 

U.S.  Department  of  Agricultare.      Monthly  Weather  Review. 

Angnst,  1894.     4to.      Washington,  The  Department. 

U.S.    Geological    Survey.      Annual    Report.      1890-92.      4to. 

Washington  1891-93.  The  Survey. 

U.S.  Naval  Observatory.   Observations.    1889.  4to.    Washington 

1893  ;  Meteorological  Observations  and  Results.     1889.     4to. 

Washington    1893;     Magnetic     Observations.       1892.       4to. 

Washington  1893.  The  Observatory. 

Wellington,   N.Z. : — Ministry  of    Mines.      Papers    and    Reports 

relating  to  Minerals  and  Mining.     Folio.     Wellington  1894. 

The  Minister. 


Journals. 

Agricultural  Gazette   of   New    South  Wales.     Vol.  V.     Part  9. 

8vo.     Sydney  1894.  Department  of  Agricultui*e,  Sydney. 

American    Journal    of    Philology.       Vol.    XV.       No.   3.       8vo. 

Baltimore  1894.  The  Editor. 

Boletin  de  Minas  Industria  y  Construccioncs.     Ano  X.     Num.  8. 

4to.     Lima  1894.  Escnela  Especial  de  Ingenieros,  Lima. 

Hoi-ological    Journal.    Vol.  XXXVII.     No.  436.     8vo.     London 

1894.  British  Horological  Institute. 

Medico- Legal  Journal.    Vol.  XII.     No.  1.     8vo.     New  Ywk  lb94. 

The  Editor. 
Revue    Medico-Pharmaceutique.      Ann^e    VII.      No.    10.      4to. 

Constantinople  1894.  The  Editor. 

Stazioni   Sperimentali  Agrarie  Italiane.     Vol.  XXVII.     Ease.  2. 

8vo.     Modena  1894.  R.  Stazione  Agraria,  Modena. 

Year-Book  of  Pharmacy.     1894.    8vo.    London, 

British  Pharmaceutical  Conference. 


Bramwell  (B)     Atlas  of  Clinical  Medicine.   Vol.  III.    Part  1.   Folio. 

Edinburgh  1894.  The  Author. 

Haeckel  (Ei)     Systematische  Phylogenie  der  Protisten  und  Pflanzen. 

Theil  1.     8vo.     Berlin  1894.  The  Author. 

Hinrichs  (G.  D.)     The  Elements  of  Atom-Mechanics.     Vol.  I.     8vo. 

St,  Louis,  Mo.  1894.  The  AxitVxov, 


172  PrefienU. 

Howell  (J.  W.)  The  Unitj-  of  Natnre;  compiled  from  his  post- 
humous papers  bj  C.  Pooley.     8vo.     London  1849. 

Mr.  H.  B.  Woodward. 

Hull  (E.),  F.B.S.  Aper9u  de  la  Structure  G^ologique  de  I'Arabio 
P^tree  et  de  la  Palestine.     8vo.     Liege  1894.  The  Author. 

Hutton  (A.  W.)     The  Vaccination  Question.     8vo.     London  1894. 

The  Author. 

KoUiker  (A.  von),  For.  Mem.  B.S.  TJeber  die  feinere  Anatomie  und 
die  phjsiologische  Bedeutung  des  Sjmpathischen  Nerven- 
Bjstems.     8vo.     Wien  1894.  The  Author. 

Reade  (T.  M.)  The  Dublin  and  Wicklow  Shelly-drift.  8to. 
Liverpool  1894.  The  Author. 

Boscoe  (Sir  H.  E.),  F.B.S.,  &  Classen,  A.  Koscoe-Schorlemmer's 
Knrzes  Lehrbuch  der  Chemie.  Zehnte  Aaflage.  8yo.  Braun- 
schweig  1894.  Sir  Henry  Roscoe,  F.B.S. 

Todd  (Sir  C),  F.B.S.  Meteorological  Work  in  Australia:  a  Review. 
8vo.     [Adelaide  1894.]  The  Author. 

Topley  (W.),  F.B.S.,  Memoir  of  [by  H.  B.  Woodward].  8vo. 
Hertford  1894.  Mrs.  W.  Topley. 


MS.  vol.  inscribed  "  Philosophia  Universalis  pertinens  ad  Gabrielem 
CoUenno."     Sm.  4^     784  pp.     Date,  1694r-96. 

Mrs.  W.  Topley. 


On  the  Photographic  Spectrum  o/y-Casaiopeiie.  173 


December  13,  1894. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 

Treasurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  **0n  the  Photographic  Spectrum  of  y-CassiopeiaB."  By 
J.  Norman  Lockyer,  C.B.,  F.R.S.  Received  November  1*.», 
1894. 

Introductory. 

In  the  Bakerian  Lecture  for  1888*  I  referred  in  some  detail  to  the 
spectrom  of  7-Ca8siopei6e,  and  suggested  explanations  of  the  origins 
of  the  various  lines  which  had  been  observed.  At  that  time  no  pl]oto- 
gpraphs  of  the  spectrum  were  available  for  discussion,  but  the  ques* 
tions  raised  by  the  eye  observations  were  of  such  great  interest  that 
I  determined  to  attempt  a  photographic  study  of  the  spectram. 
This  was  commenced  in  November,  1888,  and  has  been  continued  at 
intervals  up  to  the  present  time. 

In  view  of  the  somewhat  conflicting  evidence  of  the  variability  of 
the  spectrum,  it  was  considered  necessary  that  the  photographs 
should  extend  over  a  considerable  period  before  any  serious  attempt 
was  made  to  discuss  them.  Some  of  the  results  obtained,  however, 
now  appear  to  be  so  definite  that  I  have  thoaght  it  desirable  to  com- 
mnnicate  them  to  the  Society  at  once.  I  therefore  give  particulars 
of  the  inquiry  so  far  as  it  has  yet  gone,  and  a  brief  account  of  other 
observations  is  added,  in  order  that  the  significance  of  the  photo- 
graphic results  may  be  the  better  realised. 

In  the  paper  referred  to  I  gave  an  historical  statement  incloding 
the  early  observations ;  it  is  only  necessary  to  add  to  this  that  the 
spectrum  has  been  since  observed  or  photographed  by  Professor 
E.  C.  Pickering,  Professor  Keeler,  and  Dr.  Belopolsky. 

Professor  Pickering  makes  no  mention  of  dark  lines,  or  of  bright 
lines  other  than  F.f 

Professor  Keeler,  observing  with  the  Lick  refractor  in  1889J  failed 

•  *  Roy.  Soc.  Proc./  vol.  44,  p.  43. 

t  *  Draper  Catalogue/  p.  266. 

t  *  Publ.  Ast.  Soo.  Pacific,'  toI.  1,  p.  80. 
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to  see  Ds,  and  gives  the  following  particulars  of  his  obseryations : — 
**  I  Lave  examined  it  [the  spectmtn  of  the  star]  frequently,  but,  so 
far,  no  changes  have  been  seen.  The  G  and  P  lines  are  brilliant, 
narrow,  and  sharp.  H7  in  the  violet  is  seen  with  some  diflBcuJty. 
The  green  is  full  of  very  fine  delicate  dark  lines,  seen  only  under 
good  atmospheric  conditions,  the  h  group  being  somewhat  more 
prominent  than  the  others.  There  is  also  an  appearance  of  faint 
bright  lines,  or  perhaps  spaces  between  the  fine  dark  lines  just  men- 
tioned, seeming  bright  bj  contrast.  It  is  difficult  to  decide  on  this 
point.  There  are  in  all  ei&:ht  or  ten  such  places.  Somewhat  nearer 
to  C  than  to  the  estimated  position  of  D  is  a  fairly  prominent  dark 
band,  or,  more  probably,  group  of  fine  lines.  Not  the  slightest  trace 
of  bright  or  dark  lines  can  be  seen  in  the  vicinity  of  D.  The  con- 
tinuous spectrum  close  to  the  bright  hydrogen  lines  appears  some- 
what darker  than  it  does  elsewhere,  but  this  I  have  considered  to  be 
the  efPect  of  contrast." 

Professor  Keeler  has  since  succeeded  in  pirotographing  dark  lines 
in  the  spectrum.* 

Belopolskj  states  that  Ds  did  not  appear  in  three  photographs  of 
the  spectrum  taken  by  him  in  1892.t 

It  may  also  be  stated  that  the  spectrum  of  this  star  has  been 
occasionally  shown  to  students  at  Kensington  since  1886,  and  the 
bright  lines  G  and  F  have  always  been  visible.  Fonr  dates  are 
recorded  in  the  note-books,  namely,  September  18,  October  13  and 
October  24,  1889,  and  October  21,  1894.  The  presence  of  bright  D„ 
as  well  as  of  C  and  F,  was  noted  on  all  these  datcts,  except  October  24, 
1889. 

Dr.  Copeland  has  been  good  enough  to  communicate  to  me  an 
unpublished  observation  made  at  Dunecht  on  September  13,  1885. 
C  was  then  very  bright,  F  just  measurable,  while  Ds  could  not  be 
made  out  with  certainty.  This  observation  was  made  with  the 
16-in.  refractor. 

It  appears,  therefore,  that  Ds,  and  possibly  also  the  bright  linen  of 
hydrogen,  may  be  of  variable  intensity,  but  it  does  not  seem  possible 
to  lay  down  any  law  connecting  the  changes. 


The  Kensington  Photographs. 

The  first  photograph  obtained  at  Kensington  was  taken  on  Novem- 
ber 20,  1888,  and  since  then  fifty-three  photographs  have  been 
secured.  The  instruments  employed  were  those  described  in  my 
recent  paper  on  ''  The  Photographic  Spectra  of  some  of  the  Brighter 

•  *  Astronomical  Spectroscnpy,*  Frost's  translation,  p.  240. 
t  '  Ast.  and  Att.  Phys.,'  1898,  p.  259. 
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Stars.'**    A  complete  list  of  tlie  photographs  is  given  in  the  follow- 
ing table. 


Date. 

Instrument 
employed. 

Date. 

Instrument 
employed. 

1888.     Not.  20 

)y     zx  . .    ... 

1891.  Jao.  14 

tt    22 

Mar.    3 

July  17 

Sept.   9 

»     14 

»     15 

Oct.     2 

,.      8 

„      7 

tt      9 

„     12 

„     15 

,.     17    

M     20 

„     23 

„     28 

„     80 

Nor.    9 

»     11 

„    30 

Dec.    2 

1892.  Jao.     1 

tt       3 

.,      8 

A 

tt 
C 

tt 

»t 

tt 

tt 
A 

C 

A 

*'            1 
»»            1 

I 

1892.     May  10 

„     18 

June  27 

t,    29 

July    4 

July  22 

Sept.    6 

»     14 

Oct.  18 

1698.    Aug.    8 

»    17 

»    22 

)f      so  •  .  «  .  •  . 

„    28 

Sept.   4 

I                     }|       1  ..... . 

i                 Oct.     6    

j                     tt     26 

Dec.  14 

,t    21 

,     1894.    Jan.  13 

'                     tt     18 

Oct.  16 

Nov.    6 

,.    lo 

,.     16 

i 

B 
It 
}} 
tt 
tt 
tt 
tt 
}} 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
i» 
tt 
tt 
tt 
tt 
tt 
tt 
It 
t» 

»» 

Regults  of  the  Preltminary  Disciission, 

(1)  All  the  photographs  taken  at  Kensington  show  bright  lines  of 
hydrogen. 

The  lines  H/3,  H7,  and  H8  are  constantly  seen,  and  He  and  H^ 
appear  when  the  photographic  conditions  have  been  good.  This 
saggest-s  that  their  apparent  absence,  noted  hj  some  observers  in  the 
penod  1874  to  1883,  was  possibly  dne  to  imperfect  conditions  of 
observation. 

(2)  In  addition  to  the  bright  lines  of  hydrpgen,  there  are  other  bright 
lines  in  the  spectrum. 

The  additional  bright  lines  appear  in  all  good  negatives ;  in  cases 
of  under  or  over  exposure,  or  when  other  conditions  have  affected  the 
quality  of  the  negative,  they  are  not  distinctly  seen. 

For  the  most  part,  these  lines  are  ill-defined ;  their  positions,  there- 
fore, cannot  be  determined  with  any  great  degree  of  accuracy. 

•  *  PhiL  Trana./  A,  1898,  vol.  184,  p.  678. 
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The  wave-lengths  of  some  of  these  lines  may  also  require  correction 
for  displacement  due  to  motion  in  the  line  of  sight,  when  the  condi* 
tions  have  been  more  fully  investigated.  Attention  may  be  specially 
directed  to  two  lines  at  4^4  and  4465  ;  in  the  spectrum  of  /3-Lyr8B 
there  are  two  bright  lines  with  the  normal  positions  4388  and  4471, 
agreeing  in  position  with  prominent  lines  in  the  spectra  of  stars  of 
Group  III7,*  and  it  seems  possible  that  we  have  to  deal  with  the 
same  lines  in  7-Cassiopei8a.  This  is  rendered  more  probable  by  the 
fact,  which  will  appear  later,  that  the  two  lines  in  qnestion  appear  as 
bright  fringes  on  the  more  refrangible  sides  of  dark  lines,  having  the 
wave-lengths  4388  and  4471. 

(3)  During  the  period  covered  by  the  photographs  there  is  no  etndetiee 
of  any  change  in  the  intensities  of  the  principal  bright  lines, 

(4)  The  bright  lines  of  hydrogen  are  double  in  all  the  photographs 
taken  with  sufficient  dispersion. 

The  series  of  twenty-six  photographs,  showing  the  duplicity  of  the 
hydrogen  lines,  was  taken  with  the  6-in.  prism  of  45^,  and  extends 
from  May  18,  1892,  to  November  16,  1894. 

H7  and  Hd  usually  show  the  doubling  best,  but  in  some  of  the 
photographs  H f  is  also  clearly  seen  to  be  double.  The  doubling  is 
not  so  clearly  seen  at  He,  pi'obably  owing  to  the  presence  of  other 
lines  near  the  same  wave-length.  The  double  lines  are  somewhat 
diffused  at  both  edges. 

(5)  There  is  no  evidence  of  orbital  movement  during  the  period  which 
has  elapsed  since  May,  1892. 

Careful  measurements  of  the  distance  between  the  two  bright  lines 
at  H7  and  H£  Lave  been  made  by  Mr.  D.  Baxandall,  and  it  was 
found  that  the  distances  are  constant,  within  the  limits  of  accuracy 
in  measurement. 

(6)  Assuming  the  presence  of  two  sources  of  bright  hydrogen  lines^  the 
relative  velocity  in  the  line  of  sight  is  about  116  miles  per  second. 

This  velocity  has  been  deduced  from  measures  of  the  separation  of 
the  lines  at  H7  and  Ho  in  the  photographs  taken  with  the  6-in.  prism 
of  45°. 

(7)  TJie  bright  lines  of  hydrogen  are  superposed  on  broad  dark 
bands. 

This  was  noted  in  the  earliest  photographs,  and  is  fully  con- 
iirmed  by  those  subsequently  obtained.  H/J,  H7,  and  H5  exhibit 
this  feature  prominently,  but  the  same  is  occasionally  seen  at  He  and 
H^.  It  has  also  been  noted  that  C  presented  the  same  characteristic 
when  observed  by  Messrs.  Fowler  and  Shackleton  on  October  21, 
1894.  The  borders  of  these  dark  bands  are  all  ill-defined,  but  they 
appear  to  be  symmetrically  placed  with  regard  to  the  bright  lines. 
The  dark  bands  are  from  lU  to  12  tenth- metres  broad. 

•  *  Phil.  Trane./  A,  toI.  184,  p.  726. 
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(8)  Besides  the  dark  hands  in  tits  positions  of  the  hydrogen  lines^  there 
are  other  ilUdefined  dark  lines. 

The  additional  dark  lines  are  seen  in  all  good  negatives,  whether 
taken  with  high  or  low  dispersion,  bat  their  haziness  iQakes  their 
positions  difficult  to  determine  with  accnracy.  The  approximate 
wave-lengths  of  the  principal  dark  lines  are  3887,  3968,  3994,  4008, 
4025,  4069,  4101,  4119,  4143,  4168,  4:340,  4388,  4471,  4643,  4860. 
This  at  once  contradicts  Professor  Scheiner*s  recent  statement*  that 
he  ''does  not  believe  it  possible  that  dark  lines  can  exist  in  the 
spectrum." 

(9)  The  dark  lines  in  the  spectrum  of  '^cCasstopeicB  correspond  very 
closely  mth  the  lines  seen  in  the  spectra  of  £'-  and  7-  Orionis. 

This  fact  w.^s  recognised  at  an  early  stage  of  the  inquiry,  and  the 
similarity  is  shown  by  the  accompanying  enlargements.  The  resem- 
blance is  further  shown  by  the  appended  table,  the  wave-lengths  of 
the  lines  in  the  spectra  of  f  -  and  7-Orionis  being  taken  from  a  former 
commnnication.t 


1 

1 

Dark  lineo  in 
7-CatoiopeiaB. 

Dark  lines  in 
^-Orionis. 

Dark  lines  in 
7- Orion  is. 

Eemarks. 

• 

3887     (5) 

3887     (5) 

3887     (5) 

h: 

3068     (6) 

3968     (6) 

8968     (6) 

H€ 

3994     (1) 

3991.     (2) 

3994     (3) 

AOm     (3) 

4008     (2) 

4008     (5) 

'           4025     (5) 

4025     (4) 

4025     (6) 

4069     (3) 

4069     (2) 

4069     (2) 

4101     (0^ 

4101     (6) 

4101     (6) 

H^ 

4n9     (1) 

4119     (2) 

•            4143     (3) 

4143     (2) 

4143     (5) 

.            4168     (2) 

4168     (3) 

4JI0     (0) 

4340     (6) 

4340     (6) 

Ht 

4:i88     (4) 

4388     (2) 

4388     (5) 

4471     (0) 

4471     (5) 

4471     (6) 

4043     (2) 

46J3     (2) 

4860     (6) 

4860     (6) 

4860     (6) 

n^ 

The  numbers  following  the  wave-lengths  refer  to  the  estimated 
intensities  of  the  lines,  6  representing  the  strongest  lines. 

The  photogrrtphs  have  been  taken  at  different  times  by  Messrs. 
Fowler,  Baxandall,  Shackleton,  North,  Fournier,  and  Butler. 

Mr.  Fowler  has  also  assisted  in  the  preparation  of  the  present  pre- 
liminary communication. 

•  *  Astronomical  Spectroscopy,*  Frost's  translation,  1894,  p.  viii. 
t  •  PhU.  Trans.,'  toI.  184,  A,  pp.  693,  695. 
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IL  "  On  the  Yield  Point  of  Iron  and  Steel  and  the  Effect  of 
repeated  Straining  and  Annealing."  By  W.  C.  UNwm, 
F.R.S.,  Professor  of  Engineering,  Central  Technical 
College,  City  and  Guilds  Institute.  Received  December  4, 
1894. 

A  bar  is  subjected  to  a  gradually  increasing  tension,  and  the 
extensions  for  a  series  of  loads  are  measured.  If  the  loads  are 
plotted  as  ordinates  and  the  extensions  as  abscissaB,  a  load-girain 
curve  is  obtained.  In  the  case  of  many  materials  the  load-strain 
curve  is  fairly  continuous  (figs.  1  and  2).  But  with  certain  qualities 
of  iron  and  steel  there  is  a  remarkable  irregularity  in  the  curve 
(fig.  3).  Up  to  the  elastic  limit  a  the  strain  is  proportional  to  the 
stress,  and  Oa  is  a  straight  line.  Beyond  a  the  strains  increase 
faster  than  the  stresses.  At  some  point,  5,  termed  the  yield  pointy  a 
very  large  and  abrupt  permanent  elongation  is  produced.  The  bar 
continues  to  elongate  for  some  time  without  increase  of  load,  or  even 
apparently  with  some  decrease  of  load.  At  some  point,  c,  the 
material  is  so  hardened  that  further  deformation  can  only  be  pro- 
duced by  increase  of  load,  and  a  continuous  load-strain  curve,  cdf,  is 
obtained. 

In  some  tests  of  very  long  iron  and  steel  bars,  by  a  Committee  of 

the  Institution  of  Civil  Engineers,*  the  extensions  for  equal  incre- 
ments of  load  were  carefully  measured,  and  load-strain  diagrams  were 

plotted.      These   diagrams   showed    for  the  first  time  the   abrupt 
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*  Experiments  on  the  mechanical  and  other  properties  of  steel,  made  at  HJL 
Dockyard,  Woolwich,  1870. 
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increase  of  extension  at  &,  and  the  Committee  gave  to  that  point  the 
name  yielding  point.  It  appeared  from  their  experiments  that  there 
was  a  yield  point  also  in  compression,  though  hardly  so  well  marked 
as  in  tension.  Since  these  experiments,  autographic  apparatus  has 
been  used  for  describing  the  load-strain  curve  during  a  test.  The 
anto^*aphic  lond-strain  curves  exliibit  the  yield  point  in  the  case  of 
certain  materials  in  a  very  striking  way. 

0  7. 
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If  at  some  point,  d,  the  load  is  removed  and  again  imposed,  then  in 
the  reloading  a  curve,  edf,  is  obtained  without  any  marked  yield 
point.  The  material  is  physically  a  diffei'ent  material,  when  it  has 
been  strained  beyond  the  yield  point.  The  new  curve  is  similar  to 
the  curves  figs.  1  and  2,  and  unlike  the  primitive  curve  Oabcd^  fig.  3, 
for  the  material.  In  the  case  of  a  steel  which  will  slightly  harden  if 
heated  and  suddenly  cooled,  the  load-strain  curve  is  Oacdf^  if  it  is 
tested  unhardened,  and  very  similar  to  edf  if  it  is  hardened  before 
testing. 

Fig.  4  shows  load-strain  cuitcs  for  two  pieces  of  the  same  steel 
unhardened  and  tempered  by  heating  and  sudden  cooling. 
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As  the  yield  point  only  occurs  in  materials  which  have  been  rolled 
or  liammered  in  a  plastic  state,  it  has  been  supposed  to  be  doe  to 
some  purely  mechanical  condition  of  constraint  produced  by  pressare, 
wliich  could  be  broken  down  if  the  stress  reached  the  yield  point. 
But  any  purely  mechanical  condition  of  constraint,  such  as  is  pro- 
duced by  cold  hammering,  is  entirely  removed  by  annealing.  On  the 
other  hand,  annealing  the  bar  before  testing  does  not  alter  the  yield 
point.  If  anything,  it  makes  it  more  distinctly  marked.  Further,  if 
the  bar  is  strained  to  the  point  d  and  rlie  load  removed,  or  if  it  if 
hardened  by  sudden  cooling,  and  the  bar  then  annealed  and  again 
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tested,  it  is  fonnd  to  bave  returned  to  a  conditioD  almost  identical 
intb  that  which  it  had  iit  Grat.  In  testing  again,  a  new  yield  point 
appeani,  and  the  new  load  cnrve  is  snch  a  curve  as  egh. 

Odtnond  appears  first  to  have  snggeated  that  in  the  case  of  iron  or 
steel  nj  stress  which  produces  a  permanent  deformation  is  attended 
hj  a  rearrangement  of  the  atoms  within  the  m[)lecnle>i  of  the  metal, 
snch  aa  marks  the  pneeage  of  the  iron  from  one  state  into  another 
allo^pic  state,*  The  following  experiraent«  on  alternate  straining 
and  annealing,  in  which  straining  appears  always  to  produce  effects 
like  those  which  occar  in  hardening  steel,  and  which,  like  them,  are 
completely  destroyed  by  annealing,  woiJd  he  most  easily  understood, 
if  Osmond's  view  were  accepted. 

In  the  following  experiments  a  bar  was  alternately  tested  to  a 
stress  somewhat  beyond  the  yield  point  and  then  annealed.  The 
annealing  oren,  shown  in  section  in  fig.  <J,  was  an  iron  chamber  wi.h 


*  '£tudea  H^IIurjtiqnM,'  Paris,  ISSS.     Also,  '  IntroductioD  to  tli'  Studr  of 
MeUllutgr,'  bj  W.  C.  Eobertj-Aurten,  p.  13. 
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a  fire-clay  jacket ;  the  chamber  was  heated  by  &  raw  of  BnnEeii 
bamem,  the  prodocts  of  combaetion  passiB^  round  the  uweaUng 
bnx.  When  the  bar  to  be  annealed  was  red-hot  it  was  turned  end 
for  end,  and  shortly  after  the  gaa  wax  eztingnUhed,  and  the  chamber 
allowed  to  cool  down  slowly  with  the  bar  in  it.  Ereiy  time  the  Iwr 
was  strained  beyond  the  yield  point,  its  diameter  sensibly  decreased 
from  lateral  contraction.  Some  fai-ther  diminntion  of  section  was 
due  to  oxidation  in  the  annealing  oven,  A.fter'each  annealinfc  the 
bar  was  re-measured  before  re-testing.  In  each  test  an  aatographic 
load-strain  diagram  was  taken.  In  the  final  loading  the  bar  wan 
broken. 


Experiment  I. 

MOd  Steel  Bar,  So.  1431. 

Origin&t  diuoeter  =  0  -7G0  in.    Arcs  -  0  -4418  iq.  in.    Clips  8  in.  apart. 


1 

1 

i 

B 
1 

I 

B 

11 
Si 

1° 

n 

i 

S 

Stress  stjield 
IioiQt.     Ton. 
per  »q.  in.  of 

E]o»g«tion  i> 
origioal  8  iMlin. 

1 

1 

if 

s 
1 

h 

1 
I 

1 

li 

^1 

III 

1 

1 
1 

If 

1    ,0 
a     0 

3  !0 

4  0 

5  ,0 

6  0 

7  0 

7fiO 
734 
710 

eaii 

887 
8711 
66S 

0 

0 
0 

0 

4118    8  85 
4232    B-03 
4030     8-00 
3834    6  98 
3708    6-99 
3590    (J -97 
3474    8 '74 

18-fi7 
18  18 
18 -U 

16-83 

15 -Ha 

16-78 
19-78 

71 

44 
30 

aH 

68 

sa 

BO 

17-45 

18 '84 
16-53 
14-89 
14  89 
14 '78 

17-45 
17-68 
18 -15 
17-16 

17-75 
18 'IB 

18 '71 

0  2'4 
0-29 

0-38 
0-31 

0.14 

3 '04 

0 

I) 

0 

I 

1 
1 

3 

s,     1 

53 

89                  1 

SO 

53 

87 

91BroWn.' 

In  annealing,  the  bar  was  pnt  into  the  furnace  cold,  the  gas  was 
then  lit,  and  the  bar  left  until  it  became  dnll  red  in  colour.  It  was 
then  changed  end  for  end,  and  after  a  few  minntes  the  gas  was  taroed 
ofF,  and  the  bar  allowed  to  cool  in  the  fnmace. 

The  bar  was  laid  upon  the  bottom  of  the  furnace,  and  not  pro- 
ttMjted  in  any  way. 

On  examining  the  aatof^ph  diagrams  (fig.  6)  it  will  be  seen  that 
the  yield  point  was  reproduced  after  every  annealing  in  as  marked  a 
way  as  in  the  first  testing.  Beckoning  on  the  area  at  the  beginning 
of  each  test,  there  is  a  rise  in  the  stress  at  the  yield  point  from  17-45 
tons  per  sq.  in.  to  1871  tons  per  sq.  is.  in  seven  successiTe  loMUngv 
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and  annealing^.     The  rise  is  not  veiy  considerable.     Dnring  these 
testings  the  total  elongation  of  the  bar  was  3*91  in.  in  8  in. 

The  bar  was  not  protected  at  all  dnring  annealing.  It  was  put 
into  the  fnmace  cold,  and  the  gas  was  then  lit.  When  the  bar  had 
heated  to  a  doll  red  coloor,  it  was  changed  end  for  end,  and.  al^t 
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Experiment  11. 

Wronght  Iron  Bar,  ITo.  626. 

Ori^nal  diunel«r  —  0 -844  ill.    Am  -  0'5S93aq.  in.    Clips  B  ia.  ipui. 
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two  minutes  the  gu  was  tamed  off,  and  the  bar  allowed  to  cool  in 
the  f  amace. 

The  aatograph  diagrams  are  shown  in  fig.  7.  The  yield  point  is 
generally  less  well  marked  in  wrought  iron  than  in  steel.  In  teats 
2  and  3  above,  although  there  was  rapid  elongation  beyond  a  certain 
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■tress,  there  iraa  a  badly-marked  yield  point.  The  annealing  may 
have  been  imperfeot.  The  yield  point  reappeared  more  characteris- 
tically in  sacoeeding  teats  after  annealing.  Exclading  testa  2  and  3, 
the  position  of  the  yield  point  is  practically  constant  during  five 
loadings  and  annealings. 


Experiment  III, 

Uild  Steel  Bar,  No.  1432. 

OHitiDal  dbmeter  >  Q-749  in.    Area  -  0*4406  oq.  in.    Clipe  8  in.  apart. 
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The  bar  was  protected  during  annealing  by  placing  it  inside  an 
iron  tabe.  The  fnmace  containing  the  iron  tube  was  first  allowed 
to  get  hot,  the  bar  nas  then  inserted,  and  when  heated  to  a  dull  red 
colonr  it  was  changed  end  for  end,  the  gas  was  tnmed  off,  and  the 
bw-  allowed  to  cool  in  the  furnace. 

The  antograph  diagrams  are  given  in  Gg.  8.  One-minnte  intervals 
of  time  were  marked  on  the  diagram  during  the  tests.  Thn  yield 
point  in  this  case  falls  from  17'11  to  16-32  tons  per  sq.  in.  after  eight 
tests  and  annealings.  The  difff-rence  is  not  great.  ■  The  total  elonga- 
tion of  the  bar  was  3-76  in.  in  eight  tests. 
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Experiment  lY. 

Mild  Sfceel  Bar,  No.  1436. 

Original  diameter  =  0*750  in.     Area  =  0*4418  in.     Clips  8  in.  apart. 

Maximum  load 11*56  tons  =  26*17  tons  per  sq.  in. 

Breaking  load 9*84    „    =22*27 

Load  at  yield  point 7*73     „     =17*49 

Total  elongation  on  8  in 2*28     „     =  28*5  per  cent. 

Time  of  test  np  to  yield  point  . .  3  minutes. 

Time  of  whole  test 8       „ 

In  this  experiment  a  bar  of  the  same  steel  as  in  the  previous  test 
was  broken  in  the  fii*st  loading  without  any  annealing,  in  order  that 
its  autograph  diagram  might  be  compared  with  that  of  a  bar  broken 
after  eight  annealings.  The  diagram  is  drawn  dotted  in  fig.  8. 
There  is  no  marked  difference  in  the  two  diagrams,  if  the  decrease  of 
area  due  to  successive  tests  and  annealings  is  allowed  for. 

It  is  clear  from  these  tests  that  the  change  produced  in  the  iron  or 
steel  bar  by  straining  beyond  the  yield  point  is  completely  reversed 
by  simple  annealing,  and  this  apparently  after  any  number  of  repeti- 
tions of  the  process.  It  appears  hardly  possible  to  understand  either 
the  singular  abraptness  of  the  load  strain  carve  at  the  yield  point,  or 
the  difference  of  the  load  strain  curves  for  an  unstrained  and  a 
strained  bar,  or  the  reversal  of  the  change  of  properties  produced 
during  straining  by  simple  annealing,  except  by  supposing  that  at 
the  yield  point  there  occurs  a  chemical  or  molecular  or  allotropic 
change  of  the  same  kind  as  that  which  occurs  in  ordinary  tempering 
by  sudden  cooling. 

If  mere  stress  can  produce  a  change  of  this  kind,  it  may  be  that 
the  stresses  produced  in  sudden  cooling  also  are  factors  in  the 
changes  which  occur  in  that  case.  If  a  red-hot  bar  is  plunged  into 
water  the  surface  must  cool  first.  A  condition  of  stress  must  arise 
in  which  there  is  a  ring  tension  and  radial  thrust  in  the  section  of 
the  bar.  It  is  well  known  that  the  stresses  so  set  up  are  ofben  of 
great  intensity.  Bars  tear  or  crack  in  hardening.  The  material 
may  be  strained  beyond  its  yield  point  by  the  stresses  due  to  cooling. 
When  bars  are  subjected  to  a  Wohler  test,  that  is,  to  a  large  number 
of  repetitions  of  straining  action,  they  break  ultimately  with  a  stress 
much  less  than  that  which  would  break  them  in  a  simple  loading  and 
with  a  very  characteristic  fracture.  The  outside  of  the  fracture  is 
fine  grained,  and  resembles  a  crack  extending  gradually  across  the 
section  of  fracture.  However  ductile  the  material,  initially,  there  is 
no  sign  of  contraction  at  the  fracture.  The  bar  breaks  like  a  brittle 
material.  It  seems  possible  that  here  also  the  repetition  of  the 
straining  action  may  produce  a  molecular  change  in  the  bar  in  the 
neighbourhood  of  the  fracture. 
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III.  "Preliminary  Note  on  Embryonic  Fission  in  LicJienopora" 
By  Sidney  F.  Harmer,  M.A.,  Fellow  of  King's  CoUegre, 
Cambridge,  Superintendent  of  the  University  Museum  of 
Zoology.  Communicated  by  A.  Sedgwick,  F.R.S.  Received 
November  3,  1894. 

I  have  shown  on  a  previous  occasion*  that  the  primary  embryo  of 
Crista  gives  rise  to  nnmeroas  larvae  by  a  constantly  repeated  process 
of  embryonic  fission,  and  I  have  sngfgested  the  probability  that  this 
method  of  development  will  be  found  to  be  characteristic  of  Cyclo- 
stomatous  Polyzoa  in  general.  Obpervations  recently  made  on  Licheno- 
pora  verrucaria,  Fabr.,  obtained  on  the  coast  of  Norway ,t  have  enabled 
me  to  prove  the  occurrence  of  embryonic  fission  in  a  second  genus  of 
Cyclostomata,  although  the  details  of  the  development  are  remark- 
ably different  fi'om  those  of  Grisia. 

The  colonies  of  Lichenopora  verrucaria  occur  in  great  numbers  on 
fronds  of  Lamina/ria  saccharina,  growing  just  beneath  low- water  mark. 
The  colony  is  regularly  plano-convex,  with  a  diameter,  in  the  fall- 
grown  condition,  of  about  5  mm. ;  and  it  is  attached  by  its  flat  sur- 
face to  the  sea- weed.  Embryonic  development  commences  with  the 
beginning  of  the  formation  of  the  colony,  and  the  earliest  st^^ 
can  only  be  followed  by  examining  the  initial  stages  of  the  colonj 
itself. 

The  growth  of  the  young  colony  closely  resembles  that  of  Tubu^ 
Upora  Jlabellarisy  Fabr.,  as  described  by  Barrois.J  The  colony  origi- 
nates from  a  circular  disc,  which,  as  Barrois  has  shown,  results  from 
the  calcification  of  the  outer  part  of  the  body-wall  of  the  larva  after 
its  fixation.  This  disc  is  continued  into  the  primary  zooBcinm,  which 
buds  ofE  simultaneously,  on  its  side  turned  towards  the  sea-weed, 
two  new  zooocia,  more  or  less  parallel  with  itself.  The  first  brood  of 
embryos  is  normally  developed  from  the  egg  formed  in  one  of  these 
two  zoopcia,  although  the  eg^  is  in  some  colonies  formed  in  a  younger 
zocacium. 

The  colony  continues  to  grow  in  the  form  of  a  compressed  fhnnel, 
which  at  first  lies  on  one  of  its  flattened  sides.  By  further  growth, 
the  mouth  of  the  f annel  soon  curves  round  so  as  to  look  dircK^Uj 
away  from  the  sea-weed,  its  rim  meanwhile  extending  in  a  plane 
parallel  to  the  surface  of  attachment,  so  as  to  overlap  and  finally 
cover  the  disc  f  I'om  which  the  colony  originated.  The  adult  colony  mftj 

•  *  Quart.  Joum.  Mic.  Sci./  vol.  84,  ISPS,  p.  199. 

t  For  a  part  of  this  material  I  am  indebted  to  the  kindness  of  Dr.  Bmnchont 
and  Dr.  Nordgjiard,  of  the  Berg«»n  Museum. 

{  <  Beohcrches  sur  TEmbryologie  des  Brjozoaires/  4to.,  Lille,  IS??!  P^*  ^ 
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be  compared  witli  a  f  oniiel  with  a  basal  angle  of  nearly  ISO*',  passing 
off  into  a  short  stalk,  which  is  cnryed  round  so  as  to  lie  between  the 
base  of  the  funnel  and  its  attachment. 

The  funnel  is  composed  of  a  multitude  of  closely  packed  pyramidal 
tubes,  whose  wider  ends  open  at  the  surface  in  the  manner  of  the 
cells  of  a  honey -comb.  These  are  continuously  formed  at  the  margin 
of  the  colony,  where  fresh  tubes  are  constantly  cut  off,  simultaneously 
with  the  extension  of  the  margin,  by  the  upgrowth  of  calcareous  septa. 
The  body-cavity  is  here  closed  in  on  the  upper  side  by  an  uncalcified 
body- wall.  The  new  septa  are  developed  at  the  growing  edge  in  such 
a  way  that  two  kinds  of  tubes  are  formed.  These  give  rise  respec- 
tively to  the  zooBcia  and  to  the  ovicell.  The  zocecia  all  reach  the 
base  of  the  colony,  where  they  are  in  close  contact  with  one  another. 
In  growiog  upwards  they  diverge,  so  that  a  set  of  pyramidal  spaces, 
narrow  below  and  widening  above,  originate  between  them.  These 
spaces,  from  which  the  ovicell  is  developed,  acquire  complete  calca- 
reous walls,  their  roof  remaining  at  first  membranous.  Each  con- 
tains a  part  of  the  body-cavity,  cut  off  from  the  growing  edge  of  the 
colony,  and  the  spaces  may  accordingly  be  compared  with  zooecia,  in 
which,  however,  no  polypide-buds  are  formed. 

The  membranous  roof  of  these  interzooecial  spaces  becomes  calci- 
fied, thus  forming  a  "crust"  which  extends  horizontally  between 
adjacent  zooecia.  The  side  walls  of  the  spaces  then  break  down,  and 
a  large  continuous  cavity  thus  results.  This  cavity,  the  ovicell,  lies 
superficial  to  the  bases  of  the  ^ocecia,  some  of  which  pass  through  it 
as  free  columns  which  project  beyond  its  roof.  The  ovicell  later 
acquires  one  or  more  trumpet- shaped  openings  to  the  exterior. 

The  mature  ovicell  contains  several  hundred  larvae  in  various 
stages  of  development.  These,  constituting  the  first  brood,  have  all 
been  derived  from  the  primary  embryo  which  normally  develops  in 
one  of  the  two  zooecia  first  formed  from  the  primary  zocecium. 

The  beginning  of  the  developmental  processes  was  found  in  a 
colony  consisting  of  three  zooDcia  only.  Each  of  these  contained  a 
**  brown  body  "  and  a  mature  polypide.  The  polypide  of  the  piimary 
zooecium,  like  that  of  one  of  the  two  secondary  zooecia,  possessed  a 
testis,  attached  to  the  lower  end  of  its  alimentary  canal.  That  of 
the  remaining  zoacium  had  an  egg  in  the  corresponding  position. 

A  precisely  similar  egg  was  found,  in  one  or  two  young  colonies,  in 
a  polypide-bud,  where,  from  its  position,  it  had  probably  been  de- 
veloped from  the  outer  (mesodermic)  layer  of  the  bud.  Eggs  are  not 
necessarily  confined  to  a  single  polypide  in  the  colony,  but  in  a  con- 
dition in  which  they  can  be  recognised  as  eggs,  they  do  not  appear  to 
be  developed  in  most  cases  except  in  the  pulyplde  destined  to  give 
rise  to  a  primary  embryo.  The  testis,  on  the  contrary,  may  be  re- 
garded as  a  normal  possession  of  every  polypide.     It  usually  gives 
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rise  to  an  enormous  number  of  spermatozoa.  Fertilisation  has  not 
been  observed,  although  a  testis  may  be  developed  bj  a  polypide 
which  carries  an  egg,  and  although  free,  ripe  spermatozoa  have  been 
noticed  in  the  immediate  neighbourhood  of  young  primary  embryos. 

The  primary  embryo  in  its  older  stages  is  always  in  the  immediate 
neighboarhood  of  a  "brown  body,"  a  structure  which  was  found, 
with  rare  exceptions,  in  the  younger  stages  as  well.  Unless  it  should 
hereafter  appear  that  a  "  brown  body  "  may  be  formed  by  the  degene- 
ration of  a  part  of  a  polypide,  the  presence  of  this  structure  in  a 
zoGBcium  containing  an  egg  or  a  very  young  embryo  clearly  indicates 
that  the  egg  itself  belongs  to  the  second  polypide  which  tenants  the 
zocBcium. 

Every  colony  normally  gives  rise  to  an  ovicell,  although  cases  are 
not  uncommon  in  which  degeneration  sets  in  at  an  earlier  or  later 
period,  resalting  in  the  atrophy  of  the  embryonic  tissues  or  in  their 
failure  to  develop  further. 

Development  of  the  colony  and  of  the  egg  go  on  pari  passu.  The 
details  of  the  segmentation  of  the  egg  are  even  more  difficult  to  observe 
than  in  Crista;  but  stages  were  found  in  which  the  number  of  embryonic 
nuclei  progressively  increases.  By  the  time  that  the  embryo  comes 
to  consist  of  four  or  five  cells,  it  is  snrroanded  by  other  cells  which 
form  the  commencement  of  a  follicle.  This  structure  is  at  first 
composed  of  loosely-arranged  cells,  hardly  distinguishable  from  the 
"  funicular  tissue  *'  which  occurs  in  the  body-cavity  generally.  The 
follicle  becomes  more  compact,  and  finally  assumes  a  form  which  has 
a  striking  similarity  to  a  stage  described  by  Kraepelin*  in  the  early 
development  of  Plumatella,  In  this  condition  the  embryo  consists  of 
a  small  spheincal  mass  of  protoplasm,  including  a  few  nuclei.  It  is 
supported  by  a  stracture  resembling  the  suspensor  which  supports 
the  embryo  in  flowering  plants.  This  suspensor  contains  a  very  fine 
lumen,  and  a  section  which  passes  longitudinally  through  its  axis 
accordingly  shows  two  rows  of  nuclei,  one  row  belonging  to  each  of 
the  walls  on  opposite  sides  of  the  lamen.  The  suspensor  and  the 
embryo  are  surroanded  by  a  common  investment  of  cells;  and  the 
whole  arrangement  is  attached  either  to  the  testis  of  the  polypide  or 
to  the  lower  end  of  the  alimentary  canal  when  no  testis  is  present. 
The  embryo,  with  its  investment,  hangs  down  freely  into  the  body- 
cavity,  and  it  is  always  in  close  connexion  with  the  "  brown  body " 
to  which  allusion  has  already  been  made. 

Kraepelin  and  Braemt  are  agreed  in  deriving  the  corresponding 
structure  in  Phylactolcemata  from  a  rudimentary  polypide-bud,  the 

•  'AbhandL  Naturwiss.  Yer.  Hamburg/  yoI.  12,  1893  (Biyozoen),  pL  2,  figi. 

67,68. 

t  Leuckart  and  Chun^B  *  Bibliotheca  Zoologica,'  toI.  2,  part  6,  1890;  lee  expkna- 

tion  of  fig.  171  (pi.  15).     . 
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part  which  I  have  termed  the  suspensor  corresponding  with  the  inner 
layer  of  the  bad,  and  the  outer  investment  with  its  outer  layer. 
Although  this  interpretation  would  make  the  agreement  between 
Liehenopora  and  the  Phylactolsemata  closer  than  would  otherwise  be 
the  case,  I  have  not  succeeded  in  showing  that  the  arrangement  has 
really  the  morphological  value  of  a  polypide-bud. 

The  polypide  now  begins  to  pass  into  the  condition  of  a  new 
"brown  body,"  with  which  the  old  "brown  body"  fuses.  The 
embryo,  with  its  investments,  hangs  down  into  the  zooecium  from  the 
wall  of  the  "brown  body,"  which  has  meanwhile  moved  np  the 
zooecium  to  the  neighbourhood  of  the  orifice.  In  this  position  it 
remains  during  the  later  stages,  becoming  much  complicated  by  the 
processes  which  succeed. 

The  suspensor  ceases  to  be  sharply  defined  as  such,  its  cells  merging 
with  those  which  surround  the  "  brown  body  "  and  the  embryo.  The 
latter  comes  to  lie  close  to  the  "  brown  body ;"  and  after  a  large 
increase  in  the  number  of  its  nuclei,  begins  to  undergo  fission.  But 
whilst  in  Crista  the  primary  embryo  remains  throughout  in  the  con- 
dition of  a  coherent  mass  of  cells,  which  buds  off  successive  embryos 
into  the  ovicell,  that  of  Liehenopora  early  divides  up  into  a  consider- 
able number  of  irregular  pieces,  which  ultimately  give  rise  to  the 
secondary  embryo.  In  the  earlier  stages  of  the  process  it  is  easy  to 
show  that  the  pieces  are  continuous  with  one  another,  or  that,  from 
their  position  and  structure,  they  have  recently  been  separated  from 
one  another.  In  older  ovicells  it  may  be  difficult  to  demonstrate  the 
existence  of  the  process  of  fission,  since  the  number  of  embryos  is 
increased,  to  a  considerable  extent  at  least,  by  the  binary  division  of 
small  masses  of  cells  which  have  all  the  appearance  of  young 
embryos.  The  details  of  the  fission  are,  in  fact,  more  similar  to  those 
which  occur  in  the  fission  of  the  "  Urknospen  "  of  certain  Tunicata 
(JJoliolum*  &c.)  than  to  those  which  occur  in  Orisia, 

After  the  first  brood  of  larvae  are  hatched  the  colony  may  develop 
new  primary  embryos  at  several  points  in  the  ovicell.  These  form 
the  starting  points  for  the  development  of  a  fresh  brood  of  larvee. 
Thus,  early  stages  in  the  embryonic  development  may  be  found,  not 
only  in  the  youngest  colonies,  but  also  in  the  largest,  fully-formed 
colonies.  These  latter  differ  from  the  young  colonies  in  containing 
the  set  of  cavities  constituting  the  original  ovicell.  The  primary 
embryos  of  the  second  generation  may  readily  be  recognised  in 
sections  by  means  of  the  characteristic  "  brown  body,"  to  which  the 
follicle  containing  the  embryo  is  attached.  Their  earliest  stages  have 
not  so  far  been  traced  ;  but  the  later  stages,  in  which  fission  is  com- 
mencing, are,  in  all  important  points,  identical  with  those  of  the 
first  generation. 

*  Uljanin  (B.),  *  F»ima  und  Flora  G.  yon  Neapel,'  X  Monogr.,  1884,  pp.  IQB  et  tec^. 
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After  the  commeD cement  of  fission  the  follicle  may  contain  nnmerons 
egg-like  cells,  which  are  probably  identical  with  the  giant  cells  which 
I  have  previously  described  in  the  ovicell  of  Crista.  Although  it  is 
not  impossible  that  these  cells  may  play  some  part  in  the  formation 
of  the  secondary  embryos,  this  is  rendered  improbable,  not  only  by 
the  analogy  of  Crista,  but  still  more  by  the  fact  that  the  early  stages 
in  the  development  of  the  primary  embryo  take  place  before  each 
cells  can  be  recognised  in  the  ovicell. 

The  following  results  may  be  deduced  from  the  preceding  state- 
ments : — 

1.  The  ovicell  is  not  altogether  external  to  the  zooecia,  as  might  be 
inferred  from  some  of  the  older  descriptions  of  this  structure.  Its 
cavity  is  morphologically  identical  with  th6  body-cavity  of  the 
zooecia,  sind  the  ovicell  results  from  the  breaking  down  of  numerous 
septa  which  at  first  separate  from  one  another  a  set  of  tubes  formed 
at  the  growing  edge  of  the  colony  in  the  same  manner  as  the 
ordinary  zooecia. 

2.  The  development  of  the  ovicell  and  that  of  the  embryo  normally 
commence  at  almost  the  beginning  of  the  life  of  the  colony.  So  long 
as  the  growth  of  the  first  brood  of  larvae  continues  there  is  no  develop- 
raent  of  new  primary  embryos;  and  the  numerous  young  larva 
found  in  the  ovicell  are  descendants  of  the  single  primary  embryo 
which  is  normally  produced  in  one  of  the  two  zooecia  first  budded  off 
from  the  primary  zooecium. 

3.  The  process  cannot  well  be  interpreted  as  a  form  of  alternation 
of  generations.  A  large  number,  perhaps  the  great  majority,  of  the 
secondary  embryos  are  formed  by  the  direct  fission  of  pre-existing 
embryos,  and  are  not  budded  off  from  a  compact  mass  of  cells  as  in 
Crisia. 

4.  Certain  remarkable  analogies  may  be  detected  between  the 
development  of  the  Cyclostomata  and  that  of  the  Phylactolaamata 
Further  research  will  be  necessary  in  order  to  show  whether  these 
resemblances  are  more  than  mere  analogies. 


IV.  "  The  lufluence  of  the  Force  of  Gravity  on  the  Circulation." 
By  Leonard  Hill,  M.B.,  Assistant  Professor  of  Physiology, 
University  College,  Loudon,  and  Grocers'  Research  Scholar. 
Commmjicated  by  Professor  Schafer,  F.R.S.  Received 
November  19,  1894. 

(From  tho  Physiological  Laboratory  of  UniTersity  College,  London.) 

(Abstract.) 

The  effect  of  position  of  tho  body  upon  the  circalation  of  the  blood 
is  a  matter  of  daily  observation  with  the  physician  and  surfjpeon,  but 
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it  lias  been  carionslj  neglected  bj  physiologists.  So  far  as  mj 
researches  into  the  history  of  the  subject  go,  the  mere  fact  that  the 
feet-down  position  lowers  arterial  pressui^e,  and  that  the  feet- up  posi- 
tion heightens  it,  is  almost  all  that  has  been  determined. 

In  1885,  Hermann  placed  the  subject  in  the  hands  of  two  pupils, 
Blamberg  and  Wagner,  with  the  object  of  investigating  the  djuamic 
and  hydrostatic  effects  of  gravity  on  the  circulation. 

The  hydrostatic  moment  is  the  altered  relationship  of  level  between 
the  given  spot  on  the  artery  (where  the  manometer  is  placed)  and  the 
rest  of  the  vascular  system. 

The  dynamic  moment  is  the  altered  relation  between  pressure  and 
resistance  produced  indirectly  by  the  change  of  position  on  the  heart- 
beat, the  filling  of  the  heart,  the  vaso-motor  nerves,  &o, 

Hermann  instructed  his  pupils  to  find  the  indifferent  point  of  the 
circulatory  system,  in  order  that  the  hydrostatic  effect  might  be 
eliminated  and  the  dynamic  effect  alone  studied. 

Blumberg  and  Wagner  determined  the  indifferent  point  by  filling 
the  circulatory  system  of  the  dead  animal  with  salt  solution  and 
then  by  shifting  the  position  of  the  axis  round  which  the  body  was 
turned. 

I  have  found  that  on  attempting,  according  to  Wagner's  method,  to 
fill  the  circulatory  system  of  the  dead  animal  with  salt  solution,  the 
arterial  part  of  the  system  does  not  remain  filled,  for  the  salt  solution 
rapidly  leaks  into  the  splanchnic  venous  area.  By  alternately  placing 
the  animal  with  feet  down  or  with  feet  up,  a  pumping  action  is  pro- 
duced which  gradually  forces  the  salt  solution  ouc  of  the  arterial 
system  into  the  venous  side,  where  it  remains.  The  indifferent  point 
cannot,  therefore,  be  found  on  the  dead  body.  Further,  if  it  were 
possible  to  find  the  indifferent  point  on  the  dead  body,  the  indif- 
ferent point  on  the  living  body  could  not  be  deduced  therefrom, 
because  such  indifferent  point  depends  on  the  coefficient  of  elasticity 
which  must  constantly  alter  in  the  living  animal  with  every  altera- 
tion of  the  arterioles  by  vaso-constriction  or  dilatation. 

As  regards  the  dynamic  effect  of  gravity  on  the  circulation,  there- 
fore, the  work  of  Blumberg  and  Wagner  cannot  be  accepted. 

My  attention  was  first  drawn  to  the  influence  of  gravity  upon  the 
circulation  by  observations  which  I  made  upon  the  normal  intra- 
cranial tension  in  a  patient  of  Dr.  Claze-Shaw.  This  patient  had 
been  trephined,  and  Dr.  Shaw  asked  me  if  I  could  estimate  his 
normal  intra-cranial  pressure.  I  did  so  by  an  adaptation  of  the 
method  for  investigating  intra-cranial  pressure  described  by  me  in 
the  *  Proceedings  of  the  Royal  Society,*  vol.  55. 

I  found  that  the  pressure  was  negative  while  the  man  sat  up- 
right, but  that  it  became  positive  as  soon  as  the  head  was  bent 
down  towards  the  knees,  and  on  any  expiratory  effort.      The   ait- 
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bubble  index  in  the  apparatus  exhibited  large  cardiac  and  respiratory 
undulations. 

Experimenting  on  dogs,  I  found  that  exactly  the  same  thing 
occurred.  The  normal  cerebral  pressure  became  markedly  negative 
in  the  feet-down  posture,  and  positive  in  the  feet-up  posture. 

For  the  further  investigation  of  the  subject,  I  constructed  an 
animal  holder  which  coald  be  swung  round  a  horizontal  axis.  In 
this  axis  the  cannula  connected  with  the  vessel  under  observation  was 
always  placed,  and  the  cannula  itself  was  connected  with  a  fixed 
hydrostatic  manometer. 

The  "  hydrostatic  and  dynamic  moments,"  to  use  Hermann's  ex- 
pression, were  investigated  and  separated,  not  by  attempting  to  find 
the  indifferent  point,  but  by  carefully  observing  the  effects  of  dividing 
and  stimulating  the  vagus  and  splanchnic  nerves  and  spinal  cord,  and 
by  watching  the  influence  of  anaesthetics,  curare,  and  asphyxia. 

The  research  has  been  carried  out  upon  rabbits,  cats,  dogs,  and 
monkeys,  and  the  same  general  results  have  been  obtained  from  all. 
The  animals  were  anaesthetised  in  all  the  experiments,  and  were  placed 
upon  a  boaixi  with  the  limbs  fully  extended  in  the  same  direction  as 
the  longitudinal  axis  of  the  body. 

The  experiments  group  themselves  under  the  following  headings: 

A.  Effects  on  the  Circulation. 

i.  Normal  effect  on  arterial  pressure. 

(a)  With  carotid  artery  in  axis. 

(6)  With  femoral  artery  in  axis. 

(c)  With  Splenic  artery  in  axis, 
ii.  Normal  effect  on  venous  pressure. 

(a)  With  splenic  vein  in  axis. 

(h)  With  femoral  vein  in  axis. 

(c)   With  torcula  Horophili  in  axis, 
iii.  Influence  of  anaesthetics. 
iv.  Effect  of  dividing  the  vagi. 
V.  Effect  of  dividing  the  spinal  cord. 

(a)  Influence  on  heart, 
vi.  Effect  of  dividing  the  splanchnics. 
vii.  Influence  of  respiration  and  asphyxia, 
viii.  Influence  of  curare. 

B.  Effects  on  Respiration. 

i.  Normal  effects. 

ii.  Effect  of  dividing  the  vagi. 

The  venous  pressures  were  recorded  by  means  of  a  manometer 
filled  with  sat.  MgSOi  sol.  and  placed  in  connection  with  a  delicate 
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tambour  or  piston  recorder.  The  cerebral  venons  pressure  was  taken 
in  the  torcnla  Heropbili  by  the  method  described  by  me  in  the 
before-quoted  paper. 

The  respiratory  tracings  were  taken  by  means  of  a  broad  band  of 
strapping  passed  round  the  thorax  and  connected  to  either  side  of  a 
Paul  Bert  tambour.  The  changes  of  position  prevented  the  use  of 
any  more  accurate  method  for  recording  the  respiration. 

Tbe  results  of  the  research  are  shown  in  a  series  of  tracings,  from 
wbich  the  following  conclusions  are  drawn  :— 

1.  That  the  force  of  gravity  must  be  regarded  as  a  cardinal  factor 

in  dealing  with  the  circulation  of  the  blood. 

2.  That  the  important  duty  of  compensating  for  the  simple  hydro- 

static effects  of  gravity  in  changes  of  position  must  be  ascribed 
to  the  splanchnic  vaso-motor  mechanism. 

3.  That  the  effects  of  changing  the  position  afford  a  most  delicate 

test  of  the  condition  of  the  vaso-motor  mechanism. 

4.  That  the  amount  of  compensation  depends  largely  on  individual 

differences. 

5.  That  the  compensation  is  far  more  complete  in  upright  animals 

such  as  the  monkey,  than  in  rabbits,  cats,  or  dogs,  and,  there- 
fore, is  probably  far  more  complete  in  man. 

6.  That  in  some  normal  monkeys  over-compensation  for  the  hydro- 

static effect  occurs. 

7.  That  in  the  normal  monkey  and  man  gravity  exerts  but  little 

disturbing  influence,  owing  to  the  perfection  of  the  compen- 
satory mechanism. 

8.  That  when  the  power  of  compensation  is  damaged  by  paralysis 

of  the  splanchnic  vaso- constrictors,  induced  by  severe  operative 
procedures  or  by  injuries  to  the  spinal  cord,  by  asphyxia,  or 
by  some  poison  such  as  chloroform  or  curare,  then  the  influence 
of  gravity  becomes  of  vital  importance. 

9.  That  the  feet-down  position  is  of  far  greater  moment  than  the 

feet-up  position,  because  when  the  power  of  compensation  is 
destroyed  the  blood  drains  into  the  abdominal  veins,  the  heart 
empties,  and  the  cerebral  circulation  ceases. 

10.  That,  generally  speaking,  the  feet-up  position  occasions  no  ill 

consequence. 

11.  That  the  horizontal  and  feet-up  positions  at  once  abolish  the 

syncope  induced  by  the  feet-down  position  by  causing  the 
force  of  gravity  to  act  in  the  same  sense  as  the  heart,  and 
thus  the  cerebral  circulation  is  renewed. 

12.  That    firmly    bandaging  the    abdomen  has   the  same  effect. 

While  the  heart  remains  normal,  and  so  long  as  the  mechan- 
ical pressure  is  applied  to  the  abdominal  veins,  the  blood 
pressure  cannot  possibly  fall. 
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13.  That  if  the  heart  is  affected,  as  bj  chloroform  or  curare  poison- 

ing, the  restoration  of  pressure  is  incomplete,  and  it  is  possible 
that  the  heart  may  be  stopped  altogether  by  the  inmsh  of  a 
large  quantity  of  blood,  caused  by  too  rapid  an  application  of 
pressure  on  the  abdomen.  More  work  would  be  thrown  npon 
the  heart  than,  in  its  impoverished  condition,  it  could 
perform. 

14.  That  vagus  inhibition  and  cardiac  acceleration  are  subsidiary 

compensatory  mechanisms  in  the  feet-up  and  feet-down 
positions  respectively. 

15.  That   chloroform   rapidly   paralyses  the    compensatory  vaso- 

motor mechanism,  and  damages  the  heart. 

16.  That  ether,  on  the  other  hand,  only  paralyses  the  compensatory 

vaso-motor  mechanism  very  slowly  and  when  given  in 
enormous  amonnts. 

17.  That  the  vaso-motor  paralysis  induced  by  these  ansBsthetics 

lasts  for  some  considerable  time  after  the  removal  of  the 
anasstheticB. 

18.  That  chloroform   can,   by   destroying  the    compensation   for 

gravity,  kill  the  animal,  if  it  be  placed  with  the  abdomen  on 
a  lower  level  than  the  heart. 

19.  That  elevation  or  compression  of  the  abdomen  immediately  com- 

pensates for  the  vaso-motor  paralysis  produced  by  chloroform. 

20.  That  compression  or  elevation  of  the  abdomen,  coupled  with 

artificial  respiration  and  with  squeezing  of  the  heart  through 
the  thoracic  walls,  is  the  best  means  of  restoring  an  animal 
from  the  condition  of  chloroform  collapse.  That  these 
results  agree  entirely  with  McWilliams*,  and  are  opposed  to 
those  of  the  Hyderabad  Commission. 

21.  That  the  feet-down  position  inhibits  respiration,  and  the  feet-up 

position  accelerates  it. 

22.  That  these  respiratory  results  probably  depend  upon  the  stimu- 

lation of  sensory  nerve  endings  by  changes  of  tension  brought 
about  by  the  alterations  of  position,  because  the  results  are 
abolished  by  dividing  the  vagi. 

23.  That  in  the  feet-down  position  the  respiration  is  thoracic  in 

type,  and  the  abdomen  is  retracted ;  in  the  feet-up  position  the 
respiration  is  diaphragmatic  and  the  abdomen  freely  expanded. 

24.  That  these  types  of  respiration  tend  to  compensate  for  the 

effects  of  gravity  on  the  circulation,  for  the  retraction  of  the 
abdomen  in  the  feet- down  position  mechanically  supports  the 
abdominal  veins,  whilst  the  thoracic  inspirations  aspirate 
blood  into  the  heart.  In  the  feet-up  position  the  full  and 
free  expansion  of  the  abdomen  withdraws  all  obstacles  to  the 
compensatory  dilatation  of  the  abdominal  veins* 
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In  the  last  part  of  the  paper  the  medical  aspects  of  this  research 
are  discussed.  It  is  suggested  thafe  emotional  syncope  is  dae  to 
paralysis  of  the  splanchnic  area,  and  a  case  is  quoted  where  com- 
pression of  the  ahdomen  immediately  removed  the  syncopal  condition. 
The  same  treatment,  or  that  of  elevation  of  the  abdomen,  is  sug- 
gested for  conditions  of  shock,  chloroform  collapse,  and  after  severe 
hsBmorrhage. 

Finally,  a  parallel  is  drawn  between  some  of  the  results  of  this 
research  in  reference  to  monkeys  and  those  obtained  by  Dr.  George 
Oliver  on  man,  by  measuring  the  diameter  of  the  radial  artery  with 
his  ingenious  instrument,  the  arberiometer. 

The  Chairman  announced  that  a  paper  on  a  newly-discovered  gas 
having  been  promised  by  Lord  Rayleigh  and  Professor  Ramsay,  this 
paper  would  on  January  31  be  taken  as  a  subject  for  discussion  under 
a  Resolution  of  Council  passed  last  session,  whereby  in  each  year 
certain  Ordinary  Meetings  were  to  be  "  devoted  each  to  the  hearing 
and  consideratioi^  of  some  one  important  communication,  or  to  the 
discussion  of  some  important  topic." 

The  Society  adjourned  over  the  Christmas  Recess  to  Thursday 
January  17,  1895. 


Presents^  December  13,  1894. 
Transactions. 

Bnitenzorg: — 's   Lands   Plantentuin.     Mcdedeelingen.     Nos.   11, 
12.     8vo.     Batavia  1894.  The  Director. 

Cambridge  : — Cambridge     Philosophical    Society.       Proceedings 
Vol.  VIII.     Part  3.     8vo.     Cambridge  1894. 

The  Society. 
Cordova  :-^Academi a    Nacional   de    Ciencias.       Boletin.       Tomo 
XIII.     Entr.  3,  4.     8vo.     Buenos  Aires  1893. 

The  Academy. 

Gottingen  : — Konigl.    Gesellschaft   der  Wissenschaften.       Nach- 

richten  (Philol.-hist.  Ciasse).     1894.     No.  3.    8vo.    Oottingen, 

The  Society. 

Helsingfors  : — Finska  Vetenskaps   Societet.     Acta.     Tom.   XIX. 

4to.     HelsingforsicB  1893 ;  Bidrag  till  Kannedom  af  Finlands 

Natur  och    Folk.      Haft.    62,   53.     8vo.      Helsingfors  1893; 

Ofversigt   af   Forhandlingar.      Haft.   35.      8vo.      Helsingfors 

1893.  The  Society. 
Kew: — Royal   Gardens.     Bulletin   of  Miscellaneous   Information. 

1894.  Appendix   3.      1895.      Appendix   1.      8vo.      London 
1894-95.  The  D\T^Ci\.QT, 
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Transactioiis  (continued). 

London: — Geologists'     Association.       Proceedings.       Vol.    XIII. 

Part  10.     8vo.     London  1894.  The  Association. 

Royal  Photographic  Society.     Journal  and  Transactions.     Vol. 

XIX.     No.  3.     8vo.     London  1894.  The  Society. 

Society  of    Biblical   Archaeology.       Proceedings.       Vol.  XVI. 

Part  9.     8vo.     London  1894.  The  Society. 

Paris : — Society    Entomologique.     Annales.     Vol.   LXIII.     Trim. 

2,  3.     8vo.     Paris  1894.  The  Society. 

Stockholm : — K.  Svenska    Vetenskaps  Akademie.       Handlingar. 

Bd.  XXV.     Haft  2.    4to.     StocHoim  1893-94. 

The  Academy. 

Toulouse : — Faculty  des  Sciences.    Annales.    Tome  VIII.    Fasc.  4. 

4to.     Paris  1894.  The  Faculty. 

Warwick: — ^Warwickshire  Naturalists'  and    ArchsBologists'  Field 

Club.     Annual  Report.     1892-93.     8vo.     Warwick. 

The  Club. 


Observations  and  Reports. 

Paris : — Bureau  des  Longitudes.     Sph^mdrides  des  £toiles  de  Cul- 
mination Lunaire  et  de  Longitude.     4to.     Paris  1894. 

The  Bureau. 
Portugal : — Direction  des  Travaux  G^ologiques.     Flore  Fossile  du 
Portugal :  Nouvelles  Contributions  k  la  Flore  Mesozoiqne,  par 
le  Marquis  de  Saporta.     4to.     Lishonne  1894. 

The  Direction. 

St.   Petersburg : — Comite    G^ologique.       Bulletins.       Vol.    XII. 

Nos.  3—7.     [Russian.']     8vo.     St.   Vetershurg  1893;    Biblio- 

th^que  Geologique  de  la  Russie.     1892.     8yo.     8t.  Petersburg 

1893.  The  Committee. 

Sydney : — Observatory.    Meteorological  Observations.    June,  1894. 

8vo.     [Sydney.]  The  Observatoij. 

Vienna: — K.  K.  Central-Anstalt  fiir   Meteorologie  und  Erdmag- 

netismus.     Jahrbiicher.     Jahrg.  1892.     4to.     Wien  1894. 

The  Institute. 
Wellington,    N.Z. : — Registrar- General's    OflSce.       New    Zealand 
Official  Year-book.     1894.     8vo.     Wellington,  N.Z. 

The  Registrar- (General 


Journals. 

Annaes  de  Sciencias  Naturaes.     Anno.  1.      No.  4.     8vo.     Porto 

1894.  The  Editor. 

Morphologisches  Jahrbuch.     Bd.  XXII.     Heft  1.     8vo.     Leiptig 

1894.  Prof.  C.  Gegenbaur,  For.  Mem.  B.S. 
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£theridge,  B.,  Jan.,  and  Jack,  R.  L.  Catalogae  of  Works,  Papers, 
Reports,  and  Maps  on  the  Geology,  Paleeontology,  Mineralogy, 
Mining,  and  Metallurgy,  &c.,  of  the  Audtralian  Coatinent  and 
Tasmania.     Svo.     London  1891.  Prof.  Trail,  F.R.S. 

Gowers  (W.  R.),  F.R.S.  The  Dynamics  of  Life :  an  Address  de- 
livered before  the  Medical  Society  of  Manchester.  8vo.  London 
1894.  The  Author. 


"Observations  of  Sun-spot  Spectra,  1879—1894."  By  J. 
Norman  Lookyer,  C.B.,  F.R.S.  Received  November  15, 
—Read  November  22,  1894. 

I.   The  Widening  of  Iron  Lines  aiid  of  Unknown  Lines  in  relation  to  the 

Sun-spot  Period, 

It  is  now  twenty-eight  years  since  I  discovered  that  the  lines  seen 
in  sun-spots  were  subject  to  widening,*  and  that  different  lines  were 
widened  at  different  times. 

It  was  not,  however,  till  1879  that  I  was  enabled  to  commence 
daily  routine  work  of  such  a  nature  that  all  observations  were  com- 
parable inter  se.  This  desideratum  was  secured  by  limiting  attention 
to  the  twelve  Hues  most  widened  between  F  and  D. 

In  1886t  I  gave  an  account  of  some  of  the  early  results  obtained  by 
this  research.  I  have  recently  commenced  the  complete  discussion 
of  the  whole  series  of  observations  to  the  present  year. 

This  discussion,  involving  21,000  lines  widened  during  the  period 
in  question,  has  necessitated  three  special  researches  :  the  first,  deal- 
ing with  the  lines  with  which,  contemporaneously,  coincidences  have 
been  found  in  the  laboratory ;  the  second,  dealing  with  those  the 
origin  of  which  is  so  far  unknown ;  and  the  third,  with  the  distribu- 
tion of  both  sets  of  lines  in  spots  in  relation  to  the  sun-spot  period. 

To  make  the  work  as  definite  as  possible,  1  am,  in  the  first  instance, 
confining  the  inquiry  concerning  the  known  lines  to  lines  of  iron 
based  upon  the  examination  of  the  pure  electrolytic  iron  referred  to 
in  a  previous  communication.^ 

The  following  statistics  will  show  the  relation  of  these  iron  lines 
to  the  Fraunhofer  lines  in  the  region  F — D  over  which  the  spot  work 
extends.  In  the  table,  "  terrestrial  line  "  means  a  line  wliich  has 
been  photographically  recorded  by  myself  or  my  assistants  in  the 
spectrum   of  some  metal  or   another   during  the   past   twenty-four 

•  *  Roy.  Soc.  Proc./  vol.  15,  p.  256,  1866. 
t  Ibid.,  Tol.  40,  p.  3A7. 
J  Ibid.,  Tol.  54,  p.  359. 


200 


Prof.  J.  N.  Lockyer. 


years;  ^'nnknown"  means  a  line  not  so  far  traced  by  me  in  any 
metal  with  tlie  exception  of  Cerium.  This  exception  is  necessitated 
by  the  fact  that  the  spectrum  of  that  metal  contains  practically  as 
many  lines  as  appear  in  the  solar  spectrum.  The  wave-length  map 
of  Rowland's  second  series  has  been  taken  as  a  standard. 


Eogion. 

Fraunhofer 
lines. 

Terrestrial. 

U  nknown. 

Iron. 

4S61 — 4900 

92 
175 
228 
176 
165 
211 
216 
186 
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96 
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92 
83 
76 
63 
57 
73 
48 
81 

61 

79 
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84 

82 
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76 

150 
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16 
45 
83 
39 
32 
29 
26 
31 
29 
22 
5 

4900—5000 

5000 — 5100 

5100—5200 

5200—5300 

5300     5400 

5400—5500. 

5500—5600 

5603—5700 

5700—5800 

5800—5895. 

D 

2004 

752 

1252        ,        307 

In  the  present  communication  I  confine  myself  to  submitting  pro- 
visional curves  based  upon  a  preliminary  inquiry  into  the  number  of 
times  the  lines  of  both  categories  have  been  observed  to  be  widened 
in  spots.  Some  slight  corrections  wiU.  doubtless,  be  ultimately 
.  required  when  some  uncertainties  connected  with  some  of  the  earlier 
observations,  made  before  Rowland's  maps  were  available,  have  been 
cleared  up.  The  highest  points  of  the  curves  represent  the  maximum 
frequency  of  iron  lines  in  one  case  and  of  unknown  lines  in  the  other. 

The  period  embraced  by  the  observations  practically  enables  ns  to 
study  what  has  taken  place  at  two  successive  sun-spot  minima  and 
two  maxima.  It  will  be  seen  that  the  phenomena  which  followed  the 
minimum  of  1879  have  been  exactly  reproduced  after  the  minimum 
of  1890.  At  the  minima  the  iron  lines  are  prominent  among  the 
most  widened  lines ;  at  the  maxima  we  only  find  lines  about  which 
nothing  is  known.  Since  the  discussion  indicates  that  the  iron  lines 
involved,  which  ultimately  disappear,  are  almost  invariably  those 
seen  most  prominent  in  the  spark,  the  view  put  forward  in  my  paper 
of  1886  that  the  change  observed  is  due  to  the  dissociation  of  iron  in 
the  spots  as  a  san-spot  maximum  is  approached,  is  corroborated,  and, 
so  far,  I  have  heard  of  no  other  simple  and  sufficient  explanation. 

It  will  be  noted  that  the  maxima  and  minima  of  solar  temperature 
thus  revealed  to  us^  if  my  hypothesis  be  confirmed,  lag  behind  the 
spot  maxima  and  minima.     This  muy  explain  the  lag  observed  in 
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tbose  meteorological  conditioDS,  the  eecntar  changes  ia  which  have 
been  held  h;  Balfour  Stewart,  Broun,  Meldram,  Blanford,  Cbambei?, 
and  others,  to  prove  that  the  diBtnrbanceii  and  changes  in  oar  own 
•tmovphere  are  affected  b;  those  taking  place  in  the  atmosphere  ot 
the  aan. 
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January  17,  1895. 

The  LORD  KELVIN,  D.C.L.,  LL.D.,  President,  followed  by  Sir 
JOHX  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 
Treasurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 


I.  **  The  Trusts  of  the  Royal  Society."     By  Sir  John  Evans, 
K.C.B.,  Treasurer  R.S.     Received  January  7,  1895. 

It  may  be  of  interest  to  the  Fellows  if  I  give  a  succinct  account 
of  the  various  trnsts  that  the  Society  administers,  their  origin  and 
progress,  the  application  of  the  income  of  the  funds,  and  their 
present  financial  position.  I  will  take  them  in  the  order  in  which 
they  are  arranged  on  our  annual  balance  sheet,  on  which  in  each 
case  full  particulars  of  capital,  income,  and  expenditure,  are  clearlj 
given. 

A  considerably  larger  amount  of  detail  as  to  the  foundation  of  the 
older  funds  will  be  found  in  Weld's  History  of  the  Royal  Society 
and  in  an  anniversary  address  delivered  by  the  late  Mr.  Spottiswoode, 
as  treasurer,  in  1874.  On  the  present  occasion  I  propose  to  treat 
the  subject  as  briefly  as  possible  with  due  regard  to  clearness. 

No.  1.     The  Scientific  Relief  Fund. 

This  most  excellent  and  valuable  institution  originated  in  the  yew 
1859,  in  a  proposition  of  Mr.  J.  P.  Gassiot  that  a  fund  of  this  kind 
should  be  founded  for  the  aid  of  such  scientific  men,  or  their  families, 
as  may  from  time  to  time  require  assistance.  A  circular  announcing 
the  project  was  issued  by  the  Society,  in  May,  1859,  and  by  the 
tollowing  July  £2500  had  been  subscribed.  By  the  end  of  1864,  the 
amount  of  £5000  had  been  reached,  and  by  1868  the  fund  consisted 
of  £6052  17«.  8d.,  New  3  per  cent.  Annuities. 

Until  1884  the  amount  remained  stationary  at  a  little  under  £6500, 
but  legacies,  from  the  late  Sir  W.  Siemens,  of  £1000,  and  from  Mr. 
Bentham,  of  about  £500,  gave  it  a  sensible  help. 

In  November,  1885,  however,  a  noble  offer  was  made  by  Sir 
William,  now  Lord  Armstrong,  to  present  a  sum  of  about  £6500  to 
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the  fnnd  on  the  nnderstanding  that  an  equal  sum  should  be  raised 
bj  subscription,  and  further  that  the  fund  might  be  used  in  cases 
of  urgent  necessity  for  the  remission  of  the  fees  of  Fellows. 

Although  by  the  beginning  of  1887  it  was  not  found  possible  to 
raise  more  than  about  £4200  by  subscription,  Lord  Armstrong,  in 
February,  1887,  munificiently  increased  his  contribution  to  £7800, 
so  that  in  all  £12,000  were  added  to  the  fund.  Since  that  date  about 
i£800  more  have  accrued  from  bequests  from  Mr.  H.  B.  Brady  and 
others,  and  from  donations.  The  permanent  invested  capital  of  the 
fond  now  consists  of 

£6000  London  and  North- Western  Railway  4  per  cent.  Guaranteed 

Stock ; 
£7200  Great  Northern  Railway  3  per  cent.  Debenture  Stock ; 

and 
£4340  South  Eastern  Railway  5  per  cent.  Debenture  Stock ; 

producing  an  income  of  about  £670  and  of  the  saleable  value  of 
upwards  of  £24,000. 

The  grants  last  year  were  unusually  high,  amounting  to  £982  5^. ; 
bat  the  available  balance  in  hand  is  still  over  £500. 

The  administration  of  the  fund  is  entrusted  to  a  committee  con- 
sisting of  ten  members  of  whom  two  retire  annually,  and  applications 
for  grants  are  made  through  the  Presidents  of  nine  chartered 
scientific  societies,  including  the  Royal  Society  of  Edinburgh  and  the 
Royal  Irish  Academy,  who  may  recommend  the  cases  for  considera- 
tion by  the  Committee.  It  has  not  of  late  years  been  the  custom  fo 
any  officer  of  the  Society  to  be  a  member  of  this  Committee. 


No.  2.     The  Donation  Fund. 

In  1828  the  late  William  Hyde  Wollaston,  M.D.,  at  one  time 
President  of  the  Society,  gave  the  sum  of  £2000  3  per  cent.  Consols, 
to  be  called  the  Donation  Fund,  the  dividends  to  be  applied  from  time 
to  time  in  promoting  experimental  researches,  or  in  rewarding  those  by 
whom  such  researches  may  have  been  made,  or  in  such  other  manner 
as  shall  appear  to  the  President  apd  Council  for  the  time  being  most 
conducive  to  the  interests  of  the  Society  in  particular,  or  of  science 
in  general.  The  application  of  the  funds  extends  to  individuals  of 
nil  countries,  but  not  to  members  of  the  Council  of  the  Society. 
The  dividends  are  not  to  be  hoarded  parsimoniously,  but  expended 
liberally.  About  £1400  more  were  contributed  to  the  fund  by 
Dr.  Davies  Gilbert  (who  gave  £1000)  and  others.  In  1874  and 
1875  two  legacies  of  £500  each  were  receiiied  from  Sir  Francis 
Ronalds,  P.R.S.,  and  Sir  Charles  Wheatstone,  F.R.S.,  and  the  fund 
for  some  years  consisted  of  £6339  Consols,  which  in  1888  ^a^  c^otv- 
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verted  into  £5030  Great  Northern  Railway  Perpetual  4  per  cent. 
Goaranteed  Stock,  prodncing  an  income  of  about  £200  per  annum. 
In  the  year  1879  the  late  Sir  Walter  C.  Trevelyan  bequeathed  a  sum 
of  £1500,  the  interest  to  be  applied  in  the  promotion  of  scientific 
research.  This  was  invested  in  the  purchase  of  £1396  Great 
Northern  Railway  4  per  cent.  Debenture  Stock,  now  converted  into 
£1861  Qs,  8(L  3  per  cent.  Debenture  Stock,  and  forms  practicallj  a 
part  of  the  Donation  Fund.  The  interest  of  the  Jodrell  Fund  is  also 
transferred  to  it,  so  that  the  annual  income  is  about  £390.  The 
grants  last  year,  however,  amounted  to  £665,  though  they  left  a 
balance  of  £364  5^.  4c?.  in  hand. 

No.  3.    The  Rumford  Fund. 

Count  Rumford,  in  a  letter  to  Sir  Joseph  Banks  dated  12th  July, 
1796,  informed  him,  as  President  of  the  Society,  that  he  had  pur- 
chased and  transferred  £1000  Stock  in  the  funds  of  this  country, 
to  the  end  that  the  interest  of  the  same  should  be  given  once  every 
second  year  as  a  premium  to  the  author  of  the  most  important  dis- 
covery or  useful  improvement  which  shall  be  made  or  published  by 
printing,  or  in  any  way  made  known  to  the  public  in  any  part  of 
Europe  during  the  pi*eceding  two  years  on  heat  or  on  light,  the  pre- 
ference always  being  given  to* such  discoveries  as  shall,  in  the  opinion 
of  the  President  and  Council,  tend  most  to  promote  the  good  of 
mankind.  The  pi*emium  is  to  take  the  form  of  two  medals,  the  one 
of  gold  and  the  other  of  silver,  to  be  together  ot  the  value  of  two 
years*  interest  on  the  £1000,  or  £60  sterling.  In  case  of  there  being 
no  new  discovery  in  heat  or  light  during  any  term  of  years  which,  in 
the  opinion  of  the  President  and  Council,  is  of  sufficient  importance 
to  deserve  the  premium,  direction  is  given  to  invest  its  value  in  the 
purchase  of  additional  stock  in  the  English  Funds,  and  the  interest 
of  this  additional  capital  is  to  be  given  in  money,  with  the  two 
medals,  at  each  succeeding  adjudication.  In  a  subsequent  letter. 
Count  Rumford  suggests  that  the  premium  should  be  limited  to  new 
discoveries  tending  to  improve  the  theories  of  fire,  of  heat,  of  light, 
and  of  colours,  and  to  new  inventions  and  contrivances  by  which  the 
generation,  and  preservation,  and  management  of  heat  and  of  light 
may  be  facilitated.  Chemical  discoveries  and  improvement^  in  optics, 
so  far  as  they  answer  any  of  these  conditions,  are  to  be  within  the 
limits  of  the  premium,  bat  the  Count  wishes  especially  to  encourage 
such  practical  improvements  in  the  management  of  heat  and  light  as 
tend  directly  and  powerfully  to  increase  the  enjoyments  and  comforts 
of  life,  especially  in  the  lower  and  more  numerous  classes  of  society. 
The  Brst  recipient  of  the  medals  was  Count  Rumford  himself. 
Previously  to  1846  it  was  not  unfrequently  the  case  that  no  medal 
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was  adjudicated  for  four  years.  Indeed  between  1818  and  1832  the 
only  recipient  was  M.  Fresuel.  As  a  consequence  the  invested  funds 
have  increased  to  £2330,  l3ut  the  interest  is  now  only  2f  per  cent.,  and 
•will  in  1903  be  only  2^  per  cent.  A  bonus  on  the  conversion  of  the 
Stock,  including  an  additional  quarter's  interest,  and  some  returned 
income  tax,  either  have  been,  or  immediately  will  be,  added  to  capital. 
The  annual  income  is  at  present  about  £64,  and  the  sum  of  money 
that  accompanies  the  medal  about  £68.  In  adjudicating  this  and 
other  medals  the  following  procedure  is  adopted.  At  a  specified 
meeting  of  the  Council  members  are  invited  to  suggest  a  name  or 
names  thought  worthy  of  consideration.  At  a  subsequent  meeting, 
held  before  the  midsummer  recess,  names  are  formally  proposed  and 
carefully  prepared  statements  of  the  claims  on  which  the  proposals 
are  based  are  circulated  among  the  members  of  the  Council.  At  a 
Council  meeting  in  October  these  claims  are  discussed,  and  finally, 
at  a  meeting  in  November,  the  medals  ai*e  adjudged. 

No.  4.    Bakebian  and  Copley  Medal  Fund. 

There  has  for  many  years  been  only  one  amalgamated  fnnd  for 
these  two  objects.  It  now  consists  of  £403  9^.  Sd,  New  2^  per  cent. 
Consols.  The  Bakerian  Lecture  originated  in  1775,  through  a 
bequest  of  Mr.  Henry  Baker,  F.R.S.,  of  £100,  for  an  oration  or 
discourse,  to  be  spoken  or  read  yearly  by  some  one  of  the  Fellows  of 
the  Society,  on  such  part  of  natural  history  or  experimental  philosophy, 
at  such  time  and  in  such  manner  as  the  President  and  Council  of  the 
Society  for  the  time  being  shall  please  to  order  and  appoint.  In 
case  no  lecture  be  given,  there  is  a  pain  of  forfeiture  attached  to  the 
bequest.  The  payment  to  the  lecturer  has  for  many  years  been  a 
fixed  sum  of  £4. 

The  Copley  Medal,  which  has  long  been  regarded  as  the  highest 
scientific  distinction  that  the  Royal  Society  can  bestow,  originated  in 
a  legacy  of  £100  from  Sir  Godfrey  Copley,  Bart.,  F.R.S.,  received 
in  1709.  The  testator  directed  that  this  sum  should  be  laid  out  in 
experiments  or  otherwise  for  the  benefit  of  the  Society,  as  they  shall 
direct  and  appoint.  For  many  years  the  interest  of  the  fund  was 
paid  to  Dr.  Des€tguliers,  Curator  to  the  Society,  for  various  experi- 
ments made  before  them,  but  in  1736  Martin  Folkes,  who  subse- 
qnently  became  President  of  the  Society,  proposed  to  render  Sir 
Godfrey  Copley's  donation  more  beneficial  than  at  that  time  it  was. 
His  suggestion  was  that  instead  of  the  annual  experiment,  ^^  a  medal 
OP  other  honorary  prize  should  be  bestowed  on  the  person  whose 
experiment  should  be  bestf  approved,  by  which  means  he  apprehended 
a  laudable  emulation  might  be  excited  among  men  of  genius  to  try 
tbeir  invention,  who  in  all  probability  may  never  be  moved  for  tha 
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Bake  of  lucre.''  Eventually,  in  1736,  it  was  resolved  that  a  medal  of 
the  value  of  £5,  to  hear  the  arms  of  the  Society,  should  he  awarded 
to  the  author  of  the  most  important  scientific  discovery  or  oontriba- 
tion  to  science  hy  experiment  or  otherwise.  The  weight  of  the 
medal  was  fixed  at  1  oz.  2  dwts.  of  fine  gold.  In  1831  is  was  resolved 
that  the  Copley  Medal  shall  be  awarded  to  the  living  author  of  such 
philosophical  research,  either  published  or  communicated  to  the 
Society,  as  may  appear  to  the  Council  to  be  deserving  of  that  honour. 
The  particulars  of  the  subject  of  the  research  are  to  be  specified  in 
the  award,  and  there  is  to  be  no  limitation  as  to  the  period  when 
the  research  was  made,  or  the  country  to  which  the  author  may 
belong. 

Owing  to  the  payments  for  the  lecture  and  the  medal  being  some- 
what less  than  the  div^idends  received,  a  balance  has  gradually  accu- 
mulated in  favour  of  the  fund,  amounting  to  over  £100.  This,  how- 
ever, is  now  being  gradually  reduced,  for  in  the  year  1881,  Sir 
Joseph  Copley,  Bart.,  transferred  to  the  Society  a  sum  of  £1666  ISs,  4d. 
3  per  cent.  Consols,  "  to  provide  in  perpetuity  a  yearly  bonus  of  £50, 
to  be  given  to  the  recipient  of  the  Copley  Medal."  So  long  as  the 
interest  was  at  3  per  cent.,  the  income  of  £50  was  produced,  but  now 
that  it  is  reduced  to  2f  per  cent.,  with  the  near  prospect  of  falling 
to  2?  per  cent.,  it  is  insufiicieut  for  the  gift.  So  long,  however,  as 
there  has  been  a  balance  in  hand  in  favour  of  the  fund,  the  Council 
has  thought  well  to  fulfil  Sir  Joseph  Copley's  liberal  intention. 

No.  5.    The  Kkck  Bequest. 

In  the  year  1719  a  bequest  of  £500  was  received  from  Mr.  Bobert 
Keck,  who  directed  that  the  profits  arising  from  it  were  "  to  be 
bestowed  on  some  one  of  the  Fellows,  whom  they  shall  appoint  to 
carry  on  a  foreign  correspondence."  For  many  years  this  bequest  was 
merged  in  the  general  funds  of  the  Society,  and  the  proceeds  applied 
towards  the  payment  of  the  Foreign  Secretary.  In  1881  it  was  again 
made  to  appear  as  a  separate  trust  fund,  and  £666, 13«.  4d.  Consols 
was  allotted  as  the  equivalent.  This  has,  at  the  present  time,  been 
conveited  into  £800  Midland  Railway  3  per  cent.  Debenture  Stock, 
and  the  proceeds  are  annually  paid  to  the  Foreign  Secretary,  who 
now  receives  no  other  honorarium. 


No.  G.    Thk  Wixteingham  Fund. 

In  1794  a  sum  of  £1200  Consols  was  bequeathed  to  the  Society  by 
Sir  Clifton  Wintringbam,  M.D.,  a  Fellow,  payable  on  the  decease  of 
his  widow,  and  subject  to  certain  conditions.  It  was  not,  however, 
until  1842  that,  aher  a  tedious  law  suit,  an  amount  of  £1200  Consols 
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was  transferred  to  the  Society.  It  was  then  found  that  the  con- 
ditions of  the  will  were  so  stringent,  and  involved  so  mnch  expense, 
that  it  was  practically  impossible  to  falfil  them,  even  when  the  rate 
of  interest  on  Consols  was  3  per  cent,  instead  of,  as  at  present,  2f , 
or,  as  it  will  be  shortly,  2\  per  cent.  There  being  a  further  provision 
that  in  case  of  failnre  on  the  part  of  the  Society  to  falfil  the  inten- 
tions of  the  testator,  the  income  of  the  fund  should  be  paid  over  to 
the  Governors  of  the  Foundling  Hospital,  that  institution  has  in 
each  year  received  the  interest  accruing  fi'om  the  fund.  The  subject 
has  on  several  occasions  been  brought  before  the  Council,  and  also 
before  the  legal  advisers  of  the  Society,  but  as  yet  no  way  out  of  the 
difficulty  has  been  discovered. 


No.  7.     The  Croonian  Lecture  Fund. 

This  is  one  of  the  earliest  institutions  connected  with  the  Society, 
and,  in  name  at  least,  carries  us  back  to  the  days  of  its  foundation. 
At  the  meeting  held  on  November  28,  1660,  when  the  design  for 
founding  the  Society  was  discussed,  Mr.  Croone,  though  absent,  was 
nominated  as  the  Register,  or  as  we  should  now  call  it  Registrar, 
of  the  small  band  of  learned  men  who  met  weekly  at  Gresham 
College.  Dr.  Croone,  as  he  subsequently  became,  was  from  the 
beginning  an  active  Fellow  of  the  Society,  and  on  his  death,  in  1684, 
left  a  scheme  for  two  lectureships  which  he  intended  to  found,  one  of 
which  was  for  the  Royal  Society.  In  his  will,  however,  he  made  no 
provision  for  this  purpose,  but  his  widow,  who  subsequently  became 
Lady  Sadleir,  remedied  the  omission,  and  in  her  will,  dated  Septem- 
ber 25, 1701,  bequeathed  to  the  Society  one-fifth  of  the  clear  rent  of 
tbe  King's  Head  Tavern,  in  or  near  Old  Fish  Street,  London,  at  the 
comer  of  Lambeth  Hill,  "for  the  support  of  a  lecture  and  illusti'ative 
experiment  for  the  advancement  of  natural  knowledge  on  local 
motion,  or  (conditionally)  on  such  other  subject  as,  in  the  opinion  of 
the  President  for  the  time  being,  should  be  most  useful  in  promoting 
the  objects  for  which  the  Royal  Society  was  instituted.**  A  decree 
in  Chancery,  in  1728,  empowered  the  Society  to  devote  the  whole 
nett  annual  profits  of  the  legacy  to  the  payment  for  a  single  lecture 
and  its  attendant  expenses.  The  proper  subject  for  the  lecture  is  the 
nature  or  laws  of  muscular  motion,  to  be  accompanied  by  some 
anatomical  demonstration.  The  first  Croonian  Lecture  was  delivered 
in  1738  by  Dr.  Stuart,  the  subject  being  "  The  Motion  of  the  Heart.** 
From  1786  to  1885  the  property  was  let  for  £15  per  annum,  so  that 
the  share  of  the  Society  was  only  about  £3,  bat  since  1885  the 
rent  of  the  estate  has  been  materially  increased,  and  the  Society  now 
receives  a  sum  of  about  £52  yearly  as  its  share,  which  is  paid  over 
by  the  Royal  College  of  Physicians.     The  whole  of  the  available 
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balance  is  in  each  year  paid  to  the  lecturer  or  for  expenses,  but  the 
accoant  at  the  present  time  is  slightly  overdrawn  on  account  of  the 
expenses  of  the  last  lecture  haviug  been  unusually  high. 

No.  8.    The  Davy  Medal  Fund. 

By  the  will  of  Dr.  John  Davy,  F.R.S.,  the  service  of  plate  pre- 
sented to  Sip  Humphry  Davy  for  the  invention  of  the  safety  lamp, 
was  bequeathed  to  the  Society,  to  be  melted  down  and  sold,  in  order 
to  found  a  medal  to  be  given  annually  for  the  most  important  dis- 
covery in  chemistry.  The  amount  received  in  1869  was  invested  in 
the  purchase  of  £660  Madras  Eailway  Stock,  producing  about  £33 
per  annum.  Some  little  time  elapsed  before  the  dies  could  be  pre- 
pared, and  the  first  medal  actually  awarded  was  gpiven,  in  duplicate, 
to  Bunson  and  KirchhofiE  in  1877.  It  was  also  given  in  duplicate  in 
1878, 1882,  1883,  and  1893,  but  the  fund  has  still  a  balance  in  hand 
of  £48  17*.  9d. 

No.  9.    The  Gassiot  Trust. 

In  the  year  1871  the  late  Mr.  John  Peter  Gassiot  conveyed  to  the 
Society  £10,000  Italian  Irrigation  Bonds,  for  the  purpose  of  assisting 
in  carrying  on  and  continuing  magnetical  and  meteorological  obser- 
vations with  self-recording  instrcments,  and  any  other  physical 
investigations  that  may  from  time  to  time  be  practicable  and  desir- 
able in  the  Kew  Observatory,  in  the  Old  Deer  Park,  Richmond, 
Surrey. 

The  proceeds  are  paid  over  to  the  Kew  Committee  appointed  in 
accordance  with  the  trust  deed.  From  time  to  time  some  of  the 
Irrigation  Bonds  are  drawn,  and  a  profit  has  been  made  on  reinvest- 
ment. These  accumulated  profits  are  now  represented  by  a  sum  of 
£4^00  2|  per  cent.  Consols,  which  forms  a  kind  of  reserve  or  insur- 
ance fund.    The  balance  in  hand  in  November  last  was  £164  10^.  7d. 

No.  10.    The  Handley  Fund. 

By  the  will  of  Mr.  E.  H.  Handley,  dated  1840,  the  reversion  of  his 
property  was  bequeathed  to  the  Society  after  the  death  of  his  sister, 
the  income  to  be  applied  as  a  reward  for  important  inventions  in  art 
or  discoveries  in  science,  physical  and  metaphysical,  or  for  assistance 
in  the  prosecution  of  any  such  invention  or  discovery,  but  with  power 
to  the  President  and  Council  to  apply  the  income  as  they  may  deem 
best  for  the  advancement  of  science. 

Owing  to  the  Statute  of  Mortmain,  a  considerable  portion  of  the 
property  did  not  pass  by  this  will,  but  eventually,  in  1876,  the  sum 
of  £6378  19^.  was  received,  which,  after  paying  Legacy  Daty  at  the 
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rate  of  10  per  cent,  and  legal  expenses,  left  sufficient  to  purchase 
JS6047  7«.  9^^.  Reduced  3  per  cents.  When  the  rate  of  interest  was 
threatened  a  few  years  ago,  this  was  converted  into  £4798  Lanca- 
shire and  Yorkshire  Railway  4  per  cent.  Guaranteed  Stock,  producing 
about  £195  per  annum.  Of  late  years  this  has  been  applied  towards 
the  cost  of  preparing  the  Catalogue  of  Scientific  Papers. 


No.  11.    The  Jodrell  Fund. 

The  late  Mr.  T.  J.  Phillips  Jodrell,  in  1876,  placed  at  the  disposal 
of  the  Society  the  sum  of  £6000,  at  first  with  the  intention  of 
encouraging  in  this  country  original  research  in  the  physical 
sciences,  but  subsequently,  in  the  same  year,  with  directions  to  apply 
the  proceeds  as  part  of  the  ordinary  revenue  of  the  Society.  In  1879 
£1000  was,  by  Mr.  Jodrell's  directions,  transferred  to  the  Fee  Redac- 
tion Fund,  and  the  remaining  £5000  is  represented  by  the  sum  of 
£5182  14tf.  \0d,  2f  per  cent.  Consols,  which  stand  in  the  name  of 
the  fund. 

On  the  death  of  Mr.  Jodrell,  in  1889,  the  proceeds  of  the  fund,  in 
accordance  with  a  letter  from  him  of  April  5,  1878,  devolved  to  and 
were  incorporated  with  the  Donation  Fund.  The  income  is  at 
present  about  £140,  bat  this  will  be  reduced  when  the  diminution  in 
the  interest  of  Consols  takes  place. 

No.  12.    Fee  Reduction  Fund. 

This  fund  originated  in  1878,  the  object  being  to  relieve  future 
Fellows  of  the  Society  of  the  £10  paid  as  an  admission  fee  and  of  £1 
out  of  the  £4  annual  subscription.  These  advantages,  however,  do 
not  extend  to  the  Privy  Councillors  and  other  privileged  Fellows  who 
join  the  Society.  Most  liberal  sums  were  subscribed:  Sir  Joseph 
Whitworth  contributing  £2000,  Sir  William  (now  Lord)  Armstrong  and 
Mr.  James  Young  £1000  each.  The  demand  upon  the  fund  keeps  on,  of 
course,  increasing  from  year  to  year,  but  the  excess  of  income  over  ex- 
penditure has  been  regularly  invested,  and  the  fund  now  consists  of 
£4900  Metropolitan  3^  per  cent.  Stock  and  £9333  London  and  North- 
western Railway  3  per  cent.  Debenture  Stock,  producing  an  income 
of  about  £450  per  annum.  The  payments  on  account  of  Fellowb 
amounted  last  year  to  £342,  and  inasmuch  as  in  each  year  the  pay- 
ment in  respect  of  the  subscriptions  of  Fellows  increases  to  the 
extent  of  £10  or  £12,  it  is  evident  that,  in  the  course  of  time,  the 
question  will  have  to  be  considered  whether  some  modification  in 
the  amount  of  the  reduction  or  some  addition  to  the  capital  of  the 
fund  must  not  be  made.  The  payments  last  year  were  in  respect  of 
the  contributions   of   192    Fellows   and   the  admission  fees  of  15. 
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There  is,  however,  at  present  over  £100  per  annum  left  for  invest- 
ment; so  that  there  is  no  immediate  danger  of  the  fand  failing. 
Meanwhile,  if  any  Fellow  wishes  to  relieve  the  fnnd  of  the  annnal 
payment  of  £1  on  his  account,  the  Treasurer  will  be  glad  to  hear 
from  him. 

No.  13.    The  Darwin  Memoeial  Fund. 

In  1885  the  Committee  of  the  International  Darwin  Memorial 
Fund  resolved  to  transfer  to  the  Royal  Society  the  balance  that 
remained  in  their  hands,  in  trust,  to  devote  the  proceeds  from  time  to 
time  towards  the  promotion  ot  biological  studies  and  research.  The 
amount  was  invested  in  the  purchase  of  £2200  South-Eastem  Rail- 
way 4  per  cent.  Debenture  Stock,  which  now  forms  the  capital  of  the 
fund.  The  annual  income  is  about  £88.  In  accordance  with  a 
resolution  of  the  Council,  a  medal,  either  in  silver  or  in  bronze,  id 
awarded  biennially  in  reward  of  work  of  acknowledged  distinction 
(especially  in  Biology)  in  the  field  in  which  Mr.  Darwin  himself 
laboured.  The  medal  is  accompanied  by  a  grant  of  £100,  and  the 
balance  of  the  proceeds  is  from  time  to  time  to  be  added  to  the 
capital  fund.  At  the  November  audit  the  balance  was  £461  IBs,  10d.» 
but  oat  of  this  the  grant  of  £100  to  the  recipient  of  the  medal  was 
paid  at  the  annivei*sary. 

No.  14.    The  Joule  Memorial  Fund. 

In  1890  the  Jonle  Memorial  Committee  transferred  to  the  Society 
the  balance  in  their  hands,  the  proceeds  to  be  applied  for  the  en- 
couragement of  research,  both  in  England  and  abroad,  especially 
amongst  younger  men,  in  those  branches  of  physical  science  more 
immediately  connected  with  Joule's  work.  According  to  the  regu- 
lations made  by  the  Council,  a  studentship  or  grant  is  to  be  made 
every  second  year  to  assist  research  as  already  specified.  These 
grants  are  to  be  made  alternately  in  Great  Britain  and  abroad.  The 
fund  consists  of  £1000  London  Brighton  and  South  Coast  Railway 
Guai*anteed  5  per  cent.  Stock  and  £50  on  deposit,  the  annual  income 
being  about  £50.  The  first  scholarship  of  the  value  of  £100  was 
conferred  on  Mr.  J.  D.  Chorlton,  of  Owens  College,  Manchester,  in 
June,  1894,  but  when  the  accounts  were  made  up  no  payment  had 
been  made  to  him,  and  the  balance  in  hand  appeared  as  £79  19s.  4d. 
The  half-year's  payment  has  since  been  made. 

No.  15.     The  Brady  Librabt  Fund. 

The  late  Mr.  Henry  Bowman  Brady  bequeathed  to  the  Society  in 
1891  all  his  books  and  papers  relating  to  the  Protozoa,  and  also  a 
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sam  of  £300,  the  interest  of  which,  or  the  principal,  or  both,  are  from 
time  to  time  to  be  applied  in  the  purchase  of  works  on  the  same  or 
kindred  subjects  to  be  added  to  the  collection.  The  fund,  which  haB^^ 
been  placed  on  deposit  at  the  bankers,  now  amounts  to  £311  195.  It 
is  proposed  to  invest  a  portion  of  it  in  Consols. 

No.  16.    The  Gunning  Fund. 

In  1891  His  Excelleucj  Dr.  Kobert  Halliday  Gunning  gave  the 
Society  his  bond  for  £1000  bearing  interest  at  4  per  cent,  to  form  a 
fnnd  the  annual  income  of  which  shall  be  applied  triennial Ij  towards 
the  promotion  of  Physical  Science  and  Biology  in  such  manner  as 
to  the  President  and  Council  may  appear  most  desirable.  The  three 
years' income,  amounting  to  £120,  has  now  been  received,  and  the 
disposal  of  it  awaits  the  decision  of  the  President  and  Council. 

No.  17.    The  Buchanan  Medal  Fund. 

This  fund  dates  from  February,  1894,  when  a  sum  of  £276  12s ^ 
and  the  dies  for  a  medal  were  offered  to  the  Society  by  the  Com- 
mittee of  the  Buchanan  Fund.  The  amount  has  been  invested  in  the 
purchase  of  £258  ds,  2d,  Metropolitan  3  per  cent.  Stock,  producing^ 
rather  less  than  £8  per  annum.  The  medal,  which  is  to  be  of  gold 
and  of  the  value  of  about  twenty  guineas,  is  to  be  awarded  every 
three  or  five  years  for  distinguished  service  in  Hygienic  Science 
or  Practice,  in  the  direction  either  of  original  research  or  of  pro- 
fessional, administrative,  or  constructive  work.  The  balance  in 
hand  is  to  accompany  the  medal,  which  is  to  have  no  limit  as  to- 
nationality.  The  first  medal  was  given  to  Lady  Buchanan  by  the 
Bubscribers  to  the  fund. 

Such  is  a  brief  account  of  the  seventeen  Trusts  which  at  the  present 
time  the  Society  is  called  upon  to  administer,  and  1  have  only  to  add 
that  the  whole  of  the  accounts  of  the  Society,  whether  for  general 
purposes  or  for  the  Trust  Funds,  are  under  the  immediate  care  of 
Mr.  W.  B.  Keen,  a  chartered  accountant  of  the  highest  standing. 


212  Mr.  E.  H.  Griffiths.  [Jan.  17, 


11.  '*The  Latent  Heat  of  Evaporation  of  Water."  By  E.  H. 
Griffiths,  M.A.,  Sidney  Sussex  College,  Cambridge. 
Communicated  by  R.  T.  Glazebrook,  F.R.S.  Received 
December  28,  1894. 

(Abstract.) 

Section  I. 

Although  the  enquiry  described  in  the  paper,*  of  which  this  com- 
mnnication  is  an  absti*act,  has  engaged  my  attention  for  the  last  two 
years,  the  actnal  experiments  on  which  the  conclnsions  are  based  were 
not  performed  nntil  the  months  of  September  and  October,  1894. 
Many  difficulties  in  the  constraction  of  the  apparatus  had  to  be  over- 
come, also  the  necessary  standardisation  of  the  instruments  occupied 
my  leisure  time  for  some  months. f 

The  apparatus  was  designed  so  as  to  enable  me  to  perform  experi- 
ments at  temperatures  from  10°  to  60**  C,  and  I  hoped  to  carry  out 
my  investigatiouH  over  that  range.  Owing,  howerer,  to  incidents 
described  in  Paper  L,  1  have  been  able  to  complete  the  enquiry  at 
two  temperatures  only,  although  a  number  of  less  satisfactory  experi- 
ments, performed  iu  a  different  manner  from  that  finally  adopted, 
give  approximate  determinations  at  other  temperatures. 

The  apparatus  is,  1  regret  to  say,  of  a  very  complicated  nature, 
•owing,  in  a  great  measure,  to  my  desire  to  avoid  observational  errors 
by  as  far  as  possible  so  arranging  the  machinery  as  to  make  it  self- 
recording  and  self -regulating.  I  do  not,  therefore,  feel  it  possible  to 
convey  any  clear  idea  of  it  in  this  abstract,  and  will  confine  myself  to 
a  short  description  of  the  method,  and  the  communication  of  the  con- 
clnsions  to  which  the  experiments  have  led  me. 

The  calorimeter  was  suspended  by  glass  tubes  in  a  chamber,  the 
walls  of  which  were  maintained  at  a  constant  temperature  (^o)-  The 
methods  by  which  Oq  was  kept  constant  have  been  fully  described  in 
a  previous  paper.  ^  Since  the  publication  of  that  communication 
some  additions  have  been  made  by  which  the  apparatus  has  been  so 
improved  that  it  may  be  regai'ded  as  almost  perfect  in  its  action  over 
the  i-ange  10"  to  60°. 

A  silver  flask  which  contained  the  water  to  be  evaporated  was 
placed  within  the  calorimeter,  and  the  whole  of  the  calorimeter  exterior 
to  the  flask  was  filled  originally  with  aniline,  and  afterwards  with  a 

•  Referred  to  in  this  abstract  as  "  Paper  L." 

t  Througliout  this  enquiry  I  hare  been  assisted  by  Mr.  C.  Green,  Scholar  of 
.Sidney  Sussex  College,  Cambridge,  to  whom  I  return  my  sincere  thanks. 

X  "  The  Mechanical  Equivalent."     '  Phil.  Trans.,*  184  (1893),  A,  pp.  361—801 
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singalarlj  limpid  oil,  consisting  of  hydrocarbons  only.  This  oil  was 
stirred  by  paddles  revolving  abont  320  times  per  minute.  Within 
the  oil  was  a  platinum-silver  coil  whose  ends  were  kept  at  a  known 
potential  difference  when  an  experiment  was  proceeding.  The  supply 
of  heat  was  balanced  by  the  loss  due  to  evaporation  in  the  flask,  and 
thos  the  temperature  of  the  calorimeter  (Oi)  was  kept  practically 
constant  and  equal  to  Oq  throughout  an  experiment.  True  Oi  oscillated 
slightly  about  ^09  but  0i  —  Oq  rarely  attained  to  0*05°  G.  in  experiments- 
lasting  70  or  80  minutes,  and  the  oscillations  could  be  so  controlled 
that  Oi-^Oo  was  alternately  positive  and  negative.  The  advantages 
of  the  above  method  are  that  the  results  are  not  appreciably  affected 
by- 

(1.)  Errors  in  thermometry. 

(2.)  Changes  in  the  specific  heat  of  water. 

(3.)  The  capacity  for  heat  of  the  calorimeter. 

(4.)  Loss  or  gain  by  convection,  &c. 

Had  the  calorimeter  been  filled  with  water,  its  capacity  for  heat 
would  have  been  so  great  that  a  considerable  loss  or  gain  of  heat 
might  have  caused  but  small  change  in  ^1,  henca  the  employment  of 
the  oil,  above  referred  to,  whose  specific  heat  and  specific  gravity 
were  both  small,  and  thus  its  ''  volume  heat  "  was  only  about  four* 
tenths  that  of  water.  It  was  necessary  to  detect,  and  in  some  cases 
to  measure,  very  small  differences  between  Oq  and  0i,  and  this  was 
done  by  the  use  of  differential  platinum  thermometers.  A  full 
description  of  these  thermometers  has  recently  been  published.* 
Ezti'emely  minute  differences  of  temperature  could  not  only  be 
detected,  but  also  be  measured  by  means  of  the  arrangement  adopted. 
In  Paper  L  I  describe  the  experimental  proofs  of  the  following  state- 
ment: '*It  follows  that  the  differences  of  temperature  could  be 
determined  to  0'0004°  C,  and  I  am  confident  that  differences  of 
0-0001**  C.  could  be  detected." 

Had  it  been  possible  to  secure  (a)  that  0o  should  remain  absolutely 
unchanged  ;  (b)  that  the  value  of  ^1— do  should  be  zero  at  the  com- 
mencement and  also  at  the  end  of  an  experiment,  it  would  have  been 
unnecessary  to  measure  differences  of  temperature,  since  the  variations 
daring  an  experiment  would,  if  the  above  conditions  were  observed, 
have  no  effect  on  the  result.  Let  Oi  and  0i"  be  the  initial  and  final 
temperatures  of  the  calorimeter,  and  C^^  the  capacity  for  heat  of  the 
calorimeter  and  contents  at  the  temperature  ^i,  then  C*^  (^/— ^1") 
gives  the  loss  of  heat  of  the  calorimeter,  and  as  I  have  shown  that 
the  loss  or  gain  by  radiation,  &c.,  may  be  neglected,  it  follows  that 
this  heat  was  abstracted  by  the  evaporation  of  some  water.  Also,  if 
0^  varied,  an  additional  correction  had  to  be  made.     I  have  indicated 

•  "  The  Specific  Heat  of  Aniline."    <  Phil.  Mag./  January  1895. 
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by  the  expression  '2q  the  supply  of  heat  during  an  experiment  due  to 
the  above  sources. 

A  source  of  heat  was  the  supply  due  to  the  stirring.  Let  thermal 
units  per  second  due  to  this  cause  be  Q«,  and  let  the  stirring  be  main- 
tained for  a  time  tg,  then  total  mechanical  supply  ==  Qgts.  I  have 
given  full  particulars  of  the  manner  in  which  the  values  of  Q*  for 
different  values  of  Oi  were  ascertained  (Q,  increased  as  Oi  diminished, 
owing  to  the  increase  in  viscosity  of  the  oil).  A  study  of  the  results 
-of  the  stirring  experiments  led  to  the  following  conclusion :  "  The 
values  of  Q,  given  in  the  tables  are  certainly  correct  to  better  than 
I  in  50  at  temperatures  SO""  and  40°,  for  in  no  case  do  individual 
experiments  (when  reduced  to  the  same  rate)  differ  by  1  'in  100. 
Now  an  error  of  1  in  50  in  Q^  would  cause  an  error  of  only  about 
1  in  5000  in  L.  I  am  less  certain,  however,  about  the  values  of  Q«  at 
20**  and  50"  C." 

The  last,  and  by  far  the  greatest  source  of  heat,  is  the  work  done 
by  the  electric  current.  Let  Q«  be  the  units  per  second  due  to  this 
cause,  and  let  the  current  be  maintained  for  a  time  t^. 


Now 


eV 


^•-JEW 


(1), 


where  e  is  the  potential  difference  of  a  Clark  cell  at  15°  C,  n  the 
number  of  cells,  and  Ri  the  resistance  of  the  coil  at  temperature  0^ 
after  the  corrections  for  the  rise  in  temperature  of  the  wire  due  to  the 
passage  of  the  current,  <fec.,  have  been  made.* 
Let  m  be  the  mass  in  vacuo  of  water  evaporated. 


Then 


^»ni  =  Q.f.  +  Q,^,+2:g. 


(2). 


In  order  to  give  an  idea  of  the  comparative  importance  of  the  terms 
in  equation  (2),  I  give  the  mean  value  of  each  term  resulting  from  the 
experiments. 

Table  I. 


Q«  X  t,. 


When 

01  »  40  and  n 

0i  »  30  and  n 
$1  —  30  and  n 


4 
3 


2150 

2305 
1762 


Q«  X  it. 


19-2 

32-9 
32-9 


Zq. 


±1-2 


•  The  value  of  J  used  in  these  reductions  was  4199  x  lO'.  If  there  is  *»■• 
error  in  the  electrical  standards,  &c.,  by  which  I  determined  J,  this  if  still  ths 
right  Talue  to  use  here,  for  the  standards  are  the  same,  and  the  methods  pnotaeill/ 
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There  can  be  no  question  as  to  the  accuracy  with  which  Q<^c  was 
measured.  The  term  Q«^«  is  probably  the  one  least  accui*ately  deter- 
mined, but  the  probable  error  is  not  1  in  100,  and  the  quantity  ^q 
was  found  to  a  far  greater  degree  of  accuracy  than  the  above  table 
shows  to  be  necessary,  as  it  was  certainly  known  to  1  in  1000. 

I  will  not  here  attempt  any  proof  of  the  above  statements,  full 
particulars  being  given  elsewhere,  nor  do  1  propose  to  describe  the 
mode  of  carrying  out  an  experiment,  as  I  find  it  impossible  to  suffi- 
ciently compress  the  account  of  the  operations. 

I  performed  a  large  number  of  experiments  when  the  evaporation 
of  the  water  was  promoted  by  the  passage  of  a  gas.  Extreme  pro- 
cautions  were  taken  to  dry  the  gas  and  to  prevent  any  carrying  of 
beat  by  it  either  to  or  from  the  calorimeter,  but  the  results  of  these 
esqperiments  cannot  be  called  satisfactory,  as  the  differences  between 
individual  experiments  at  the  same  tempei*ature  in  extreme  cases 
amounted  to  as  much  as  1  per  cent.  The  following  table  gives  the 
results : — 

Table  II. 


No.  of  expts. 

Mean  Temp. 

L. 

5              \            49-82 

10                           39  -99 

9                           24-96 

566-5 
572-4 
581-9 

The  rate  of  evaporation  was  greatly  varied  during  these  experi- 
ments, for  the  potential  difference  was  changed  from  that  of  1  to  3 
Clark  cells,  hence  the  rate  of  evaporation  was  in  some  cases  nine 
times  as  great  as  in  others. 

There  is  one  curious  coincidence,  which,  however,  may  be  merely 
fortuitous.  In  two  of  these  experiments  nitrogen  was  passed  through 
the  water  instead  of  air,  and  these  two  experiments  give  almost 
exactly  the  same  value  as  my  final  results,  viz. : — 


Temp. 

24-96** 

39-98' 


L  (Nitrogen  expt«.).      L.  Final  values 
581-68  5817 

572-72  572-7 


The  method  finally  adopted  was  that  of  allowing  the  water  to  fall 
drop  by  drop  on  to  the  interior  surface  of  the  silver  flask,  and  causing 

identical,  and  it  will  be  seen  that  any  errors  of  this  kind  would  be  eliminated  during 
%\ie  calculations.  This  remark,  however,  does  not  apply  to  Professor  Schuster's 
correction  for  the  specific  heat  of  the  air  displaced,  for  we  are  not  dealing  here 
^th  differences  in  rate  of  rise  caused  by  the  displacement  of  air  by  water.  His 
correction  (1  in  4000)  is  therefore  included  in  the  above  value. 
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it  to  boil  off  rapidly  by  saffioiently  diminiBhing  the  presBure.  The 
object  of  this  arrangement  was  to  ensure,  as  far  as  possible,  that  the 
temperature  of  the  evaporating  water  was  that  of  the  flask  (0i). 
Many  precautions  too  numerous  to  be  here  referred  to  had  to  be 
taken  before  this  method  could  be  worked  successfully,  but  when 
once  the  experimental  difficulties  had  been  overcome,  the  agreement 
between  different  experiments  left  little  to  be  desired,  and  this 
continued  to  be  the  case  although  the  conditions  of  the  experiments 
were  considerably  altered.  DifEerent  masses  of  water  and  difiEerent 
rates  of  evaporation  gave  closely  concordant  values  of  L. 

Table  ofBesults. 

(An  improvement  was  made  in  the  apparatus  after  No.  5,  and  I 
attach  greater  weight  to  all  succeeding  experiments.) 


Table  III. 


No.  of  expt. 

Temp. 

L. 

No.  of  expt. 

Temp. 

L. 

I 

II 

III 

IV 

V 

40 -ur 

40  146 
40-147 
40*144 
40-145 

573-11 
572  -31 
572 -77 

572  -61 

573  -80 

!           XII 
XIII 

xrv 

XV 

XVI 

XVII 

XVIII 

1  Means 

i 

29-987 
29-983 
29-998 
29-999 
30-004 
29-993 
29-993 

678  -58 
578-64 
678-78 
678-90 
578-60 
678*83 
678-60 

VI 
VII 

40-147 
40-147 
40-147 
40-149 
40-157 
40-133 

573-01 

572  -50 

573  -CO 
672  -28 
672  12 
572  -61 

VIII 

IX 

X 

29-994 

• 

678  -70 

1 

1  Mean  of  all 

40-146 

572  -74 

!  Mean  of  VI  to  XI 

1 

40-147 

572  -59 

1 

I  regret  that  the  experiments  are  comparatively  few  in  number, 
but  they  occupied  so  much  time  that  I  was  unable  to  make  farther 
repetitions. 

I  do  not,  however,  consider  that  such  repetitions  would  have 
greatly  strengthened  the  evidence,  for  the  mean  probable  error  of 
even  a  small  group  of  experimental  results  like  the  above  is  less  than 
the  probable  error  of  some  of  the  constants  involved  in  the  redaction 
of  those  results. 

For  the  reason  previously  stated  I  attach  small  value  to  Nos.  I 
to  V. 
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My  conolosion  therefore  is — 

Temp.  L. 

4015°  572-60 

30-00  578-70 

Sectiofi  II. 

On  p.  218  will  be  found,  I  think,  a  fairly  complete  table  of  results 
published  since  the  year  1843. 

The  values  obtained  by  Winkelmann  ('  Wied.  Ann.,'  9,  1880)  are 
not  included  in  the  table,  as  they  are  not  based  on  independent 
experiments,  bat  deduced  from  the  observations  of  Begnanlt. 

In  Paper  L  I  have  given  reasons  for  my  conclusion  that  much 
gpreater  weight  attaches  to  the  values  of  Dieterici  and  Begnault  than 
to  those  given  by  the  other  observers. 

Dieterici's  method  was  to  determine  the  mass  of  ice  formed  by  the 
evaporation  of  a  certain  mass  of  water  at  0°.  Hence,  his  results,  like 
my  own,  are  independent  of  thermometric  errors,  or  errors  in  the 
determination  of  the  water  equivalent  of  his  apparatus.  Certain  of 
his  experiments  were  performed  by  placing  the  water  to  be  evaporated 
in  platinum,  instead  of  glass,  tubes,  and  to  these  he  attaches,  I  think 
rightly,  greater  importance  than  he  does  to  the  remaining  experi- 
ments.    His  conclusions  are  as  follows : — 

"  Die  Yersuche  mit  dem  Platingefasse  ergeben 

L  =  596-73, 

mit  einem  wahrscheinlichen  Fehler  des  Mittels  von  +0°  -13.*'* 

He  succeeded  in  altering  the  rate  of  evaporation  very  greatly,  and 
that  without  afiecting  his  results.  I  cannot  here  even  enumerate 
other  considerations  which  lead  to  the  conclusion  that  the  result  of 
Dieterici's  platinum  tube  experiments  carries  great  weight. 

As  stated  in  the  above  table,  Regnault  performed  twenty-two  ex- 
periments over  the  temperature  range  —2**  to  +16°.  There  can  be 
little  doubt,  however,  that  his  results  over  this  range  are  of  small 
value,  and  he  was  evidently  of  this  opinion  himself.f 

Winkelmann  has  written  a  criticism  of  Regnault's  experiments,  J 
in  which  he  comes  to  the  conclusion  that  it  is  necessary  to  reject  this 
series  of  experiments,  and,  in  Paper  L,  I  give  additional  reasons  for 
their  rejection.     The  chief  arguments  are  as  follows : — 

(1.)  Begnault  determined  the  temperature  of  the  vapour  in  the 
spiral   by  observations  of   the  pressure  in    the   condenser. 

•  *  Wied.  Ann.,'  vol.  37,  1889,  p.  504. 
t  See  *  M^moires  de  I'Acad.,*  vol.  21, 1847,  pp.  712—719. 
t  *  Wied.  Ann.,*  vol.  9, 1880. 
VOL.  LVII.  ^ 
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This  must  have  been  (as  Regnault  himself  points  out)  con- 
siderably below  the  pressure  of  the  vapour  in  the  flask. 

(2.)  At  low  temperatures  a  small  error  in  the  pressure  would 
cause  a  considerable  error  in  temperature.  For  example, 
an  error  of  0'4i  mm.  in  pressure  would  correspond  (at  4P  C.) 
to  an  error  of  1°  in  $, 

(3.)  All  his  observations  of  the  change  in  temperature  of  the 
calorimeter  at  low  temperatures  were  taken  on  a  falling 
mercury  thermometer,  and  an  error  of  0***01  (the  limit  to 
which  he  observed  his  thermometer)  would  change  the 
resulting  value  of  L  by  1  in  600.  Now,  no  observations  on 
falling  mercury  thermometers  can  be  relied  on  to  give  an 
accuracy  of  anything  like  the  above  order. 

(4.)  The  extreme  divergence  between  the  results  of  these  experi- 
ments would  alone  render  them  of  small  value. 

(6.)  Regnault's  formula  for  the  "total  heat"  (606*5 +0*305  6)  is 
not  in  agreement  with  his  experimental  results. 

I  have  in  my  paper  given  further  reasons  for  their  rejection,  but 
T  think  the  above  are  alone  sufficient  to  prove  that  at  any  rate  the 
results  of  these  experiments  must  be  regarded  with  suspicion.  I  have 
^Iso  shown  that  the  tendency  of  all  the  above  sources  of  error  is  to 
make  Regnault*s  values  of  L  too  high  at  these  temperatures. 

These  above  objections,  however,  lose  all  their  force  when  applied 
to  Begnault's  determinations  from  63*^  to  lOO**.  His  methods  of  ex- 
periment were  entirely  altered ;  for  example,  p  was  observed  where 
iJie  vapour  was  formed,  and  a  large  change  in  p  would  produce  but 
a  small  change  in  $.  Also  his  thermometers  were  rising,  the  range  of 
temperature  was  more  than  twice  as  great,  and  his  results  were  far 
more  uniform,  &c. 

At  about  100"  Regnault  performed  forty-four  experiments,  of 
which  he  rejects  the  first  six  as  "  preliminary  *';  the  remaining  thirty- 
€ight  give  the  following  mean  results : — 

Temp.  "  Total  heat." 

99-88  636-67 

This  would  become  636*60  at  100®.  Hence,  if  we  assume  that 
1  gram  of  water  in  cooling  from  100**  to  0**  gives  out  100  thermal 
units,  we  get  L  =  536*60  at  \Qff. 

Now,  taking  my  values,  viz., 

Temp.  L. 

4015''  572-60 


30*00  578*70 

We  get  dLlde  =  0*6010. 


u% 
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If  we  Rssumo  with  Begnanlt  that  L  is  a  linear  function  of  0  we 
can  deduce  the  values  at  O**  and  100%  and  we  get  596-73  and  536-63 
respectively. 


Hence  Table  V. 


Values  of  L. 

/ * X 

0'.  100". 


Regnault —  536*60 

Dieterici 59673  — 

Griffiths  (extrapolated) 596*73  536-63 

I  think  that  I  am  justified  in  calling  this  agreement  remarkable, 
and  there  is  evidence  that  it  is  not  a  mere  coincidence. 

Winkelmann,  in  his  analysis  of  Begnault*s  work,  states  that  the 
following  formula  gives  the  results  of  Begnault's  experiments  with 
greater  accuracy  than  Regnault's  own  formula : — 

L  =r  589-5  -  0-2972 6  -  00032147  ^+0000008147 ^  . . . .  (W). 

Now  if  we  assume  my  value  of  dhjdO  we  get 

"  Total  heat "  =  596-73+0-3990  0 (G,), 

w'lereas  Regnault's  formula  is, 

Total  heat  =  606-5+0-305  0 (R), 

The  following  table  gives  in  column  III  all  Regnault's  experimental 
results  (R,)  below  100°,  except  those  (below  63*)  by  his  other  mode 
of  experiment,  which  I  have  given  reasons  for  rejecting.  Column  VII 
shows  the  difference  between  R,  and  the  value  given  by  formula  (R). 
Column  VIII  gives  R.-(W),  and  column  IX  R.— (G,). 
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Table  VI. 

Comparison  between  Renault's  Experimental  Results  (R«)  over  tbo 
range  63®  to  88*,  with  the  value  given  by  formulte  (R),  (W), 
and  (Gs)- 


I. 

II. 

m. 

VII. 

VIII. 

IX. 

No.  of 

Experimental 

expt. 

Temp. 

results  (Bf). 

R«-R. 

R«-W. 

Hi-  Gs- 

1 

88 -ir 

633-4 

0 

+  0-9 

+  1-5 

2 

87-83 

633-1 

-0-1 

+  0-8 

+  1-3 

3 

86-97 

628-4 

-4-3 

-3-3 

-2-6 

4 

85*24 

628-6 

-3-9 

-2-9 

-21 

6 

85-20 

631-7 

-0-8 

+  0-2 

+  10 

6 

84-68 

629  -9 

-2-4 

-1-3 

-0-6 

7 

83-08 

628-9 

-2-9 

-1-8 

-1*0 

8 

82-66 

631  0 

-0-7 

+  0-4 

+  1-3 

9 

81-03 

628-8 

-2-4 

-1-2 

-0-3 

10 

80*60 

627-7 

-3-4 

-2-2 

-1*2 

11 

80-37 

628-8 

-2-2 

-10 

0  0 

12 

80  17 

630-2 

-0-7 

+  0*5 

+  1-5 

13 

79-55 

630-1 

-0-7 

+  0-7 

+  1-6 

14 

78-28 

627  0 

-3-3 

-2*0 

-10 

15 

76-50 

628  -6 

-1-2 

+  0-3 

+  1-4 

16 

71-36 

624-4 

-3-8 

-2  0 

-0*8 

17 

71 '11 

622-2 

-5-9 

-4-1 

-2-9 

18 

70-49 

626*9 

-1*1 

+  0-8 

+  20 

19 

69-70 

626-4 

-1-3 

+  0-7 

+  1-9 

20 

68  01 

622*5 

-4*8 

-2 -6 

-1-4 

21 

66-80 

624-7 

-20 

+  0-2 

+  1-5 

22 

64-34, 

622-9 

-3-2 

-1-0 

+  0-5 

23 

63-02 

625-5 
oes  , 

-0-2 

+  2-3 

+  3-6 

1 
Sum  of  differen 

Mean  difference 

If  we  omit  Expt.  23 

Sum  of  differen 

Me*n  di-ffemmM 

-49-3 

-17-6 

+  5-2 

) 

I    1^     ■* 

-2-14 

-0-77 

+  0*23 

we  get 
ces  ••••.•••.... 

I^  \^       MW 

-49-1 

-19-9 

+  1*6 

%^^^9g    vvvv    ••    av    vv    •• 

■^  A     \J 

-2-23 

-0-90 

+  0-07 

■^  \*     \^  § 

We  thus  see  that  formula  (G)  gives  a  closer  approximation  to 
Regnaulj^'s  experimental  results  over  the  above  range  than  either  of 
the  other  f  ormulsB. 

Again,  the  results  of  my  earlier  experiments,  referred  to  above, 
lend  support  to  formula  (G). 

One  diflBculty,  however,  presents  itself.  If  there  is  any  truth  in 
the  ordinarily  accepted  ratio  of  the  "  mean  thermal  unit  from  100° 
to  0*  "  to  the  "  thermal  unit  at  15°  C,"  then,  so  far  from  my  own, 
Dieterici's,  and  Regnault's  results  being  in  agreement,  they  in  reality 
differ  considerably,  for  our  values  are  expressed  in  different  units. 
True,  Begnault  adopted  the  '*  thermal  unit  at  15**,"  but,  as  his  experi- 
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Temp. 

L  from 
presBuie  expts.  (supra). 

L. 
Formula  (Q-). 

25  OP 
40  0 
49*8 

681-9 
672-4 
666*5 

681-7 
672-7 
566*8 

ments  gave  the  '*  total  heat,"  not  the  value  of  L,  the  results  should  be 
different  after  subtraction  of  the  '*  total  heat  "  of  the  water,  for  when 
subtracting  we  assumed  the  identity  of  the  two  units. 

Dieterici  adopted  as  the  basis  of  his  measurements  thp  mass  of 
mercury  drawn  into  a  Bunsen's  calorimeter  by  the  heat  evolved  from 
1  gram  of  HjO  when  cooling  from  100*  to  0°.*  Now,  according  to 
Itegnaultyt  the  ratio  of  the  *^  mean  thermal  unit "  to  the  *'  thermal 
unit  at  0^  C.  *'  is  as  1-005  :  1. 

If  we  assume  Rowland's,  or  Bartoli  and  Stracciati's,  determination 
of  the  changes  below  15°  (my  own  have  not  extended  below  that 
temperature),  we  should  get 

mean  thermal  unit      1*005  .  ,         101*1 

thermal  unit  at  15°  =  0^994  W«>^««iately  =  -^  , 

and  thus  Dieterici's  value  of  L  at  0°,  if  expressed  in  terms  of  thermal 
unit  at  16%  would  become  603*3. 

Again,  according  to  Begnault  we  ought  to  subtract  100*5  from 
636*60,  and  thus  get  L  at  100**  =  5361. 

The  only  reasonable  explanation  of  this  difficulty  appears  to  me  to 
be  that  the  value  of  the  *'  mean  thermal  unit "  is  practically  the  same 
as  the  value  of  the  *' thermal  unit  at  15*  C." 

1  see  nothing  impossible  in  this  supposition.  As  shown  in  Paper  L, 
there  is  sufficient  evidence  that  at  low  temperatui*es  the  capacity  foi* 
heat  of  water  decreases  with  rise  of  temperature.  Rowland  found  a 
minimum  indicated  near  34°.  If,  therefore,  the  capacity  for  heat 
increases  gradually  above  some  such  temperature,  but  more  rapidly 
near  100%  it  is  quite  conceivable  that  the  **mean  thermal  unit" 
should  closely  approximate  to  the  "thermal  unit  at  15**  C."  Our 
only  experimental  evidence  to  the  contrary  is  that  given  by  Regnaalt 
in  his  paper  *'  De  la  Chaleur  Sp^cifique."  We  know  that  his  con- 
clusions at  low  temperatures  are  incorrect,  and  I  do  not  see  that 
those  at  higher  temperatures  have  greater  value,  for  his  methods  of 
observation  and  experiment  were  in  this  case  unaltered.    The  matter, 

•  *  Wiod.  Ann./  vol.  37, 1889,  p.  499. 

t  ''  Do  la  Chaleur  Sp^ifique.*'     '  Acad,  des  Sciences,'  tome  xxi. 
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of  conrse,  can  only  be  cleared  np  by  a  direct  determination  of  the 
capacity  for  heat  of  water  over  tlie  range  0*  to  100**. 

In  Paper  L,  I  give  further  evidence  in  snpport  of  the  equality  of 
the  two  units. 

ConsideriDg  the  extreme  attention  which  has  been  given  during 
the  last  few  years  to  the  determination  of  the  electrical  units,  it  is 
Btrange  that  bo  little  has  been  done  regarding  what  is  perhaps  as 
important  a  unit,  viz.,  that  of  heat.  I  venture  to  appeal  to  the  Royal 
Society  to  take  steps  to  place  our  knowledge  in  this  respect  on  a 
firmer  basis,  and  I  would  go  so  far  as  to  express  my  belief  that  the 
method  of  measuring  small  difEerences  of  temperature  described  in 
Paper  L,  and  also  in  the  communication  printed  in  the  '  Philosophical 
Magazine '  of  this  month,  points  out  a  way  to  the  solution  of  some  of 
the  difficulties. 

Section  III. 
The  density  of  water- vapour  at  different  pressures  can  be  obtained 
from  the  thermodynamic  equation  L  =-(«'—«)  ^.     In  Paper  L,  I 

have  given  the  density  at  different  pressures  thus  obtained  by  the 
substitution  of  my  values  of  L  and  J.  ' 

We  can  also  obtain  what  Winkelmann  terms  the  "theoretical 
density  "  by  assuming  that  water- vapour  behaves  as  a  perfect  gas, 
having  the  same  molecular  weight.  I  have  shown  that  if  we  take  the 
most  recent  determinations  of  the  atomic  weight  of  oxygen,*  the 
**  theoi*etical  density  "  of  water- vapour  at  low  pressures  is  almost 
identical  with  the  density  as  deduced  from  the  thermodynamic 
equation.  At  higher  pressures  (above  140  mm.)  the  density  appears 
to  remain  nearly  constant,  and  is  about  1*02  times  as  great  as  the 
"  theoretical  density." 

These  conclusions  are  confirmed  by  a  study  of  the  *'  volume  energy  " 
of  water-vapour  at  different  temperatures. 

Conclusion. 

The  results  obtained  by  Dieterici  at  0**  C,  by  Regnault  at  tempera- 
tares  63°  to  100°  C,  and  by  myself  at  intermediate  temperatures,  are 
represented  with  great  accuracy  by  the  formula 

L  =  59673  -  0-6010  0. 

•  Scott,  *  Phil.  Trans.,'  A,  1893,  p.  507. 
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III.  '*  On  Slow  Changes  in  the  Magnetic  Permeability  of  Iron.'' 
By  WiLiiiAM  M.  MORDEY.  Communicated  by  Professor 
SiLVAXUS  P.  Thompson,  F.R.S.    Received  December  19, 

i8y4. 

When  iron  is  magnetised  for  a  long  time  by  rapidly  alternating 
currents,  its  magnetic  permeability  is  nsually  reduced,  a  gradual 
increase  taking  place  in  the  amount  of  energy  absorbed  in  producing 
a  given  magnetisation.  This  effect  has  been  observed  in  connection 
with  the  working  of  transformers  on  alternate-cnrrcDt  systems. 
Although  it  has  been  known  for  some  time  to  a  few  electrical  en- 
gineers, the  author  is  not  aware  that  any  investigation  or  proof  has 
been  published  as  to  the  cause  of  this  change.* 

When  the  author  first  became  aware  of  this  increase  he  investigated 
the  subject  in  connection  with  the  work  of  the  Brush  £lectrical 
Engineering  Company,  and  to  that  company  acknowledgments  are 
due  for  permission  to  publish  the  results  so  far  obtained.  It  may  be 
mentioned  that  the  investigation  is  still  in  progress. 

In  the  -first  place  explanations  were  sought  in  direct  connection 
with  the  magnetic  or  electric  actions  that  take  place. 

The  explanation  that  first  suggested  itself  was  that  eddy  ourrenta 
were  being  set  up  in  the  coils  by  leakage  or  partial  failure  of  the  in- 
sulation between  adjacent  portions  of  the  conductor,  or  that  eddy 
currents  were  being  set  up  to  an  increased  degree  in  the  iron  by 
disturbance  or  change  of  the  insulating  material  interposed  between 
the  thin  plates  of  iron  of  which  the  transformers  were  composed. 

*  The  following  are  the  only  published  references  to  this  subject,  so  far  as  known 
to  the  author : — 

In  the  *  Electrician '  of  December  7th,  1894,  the  subject  is  introduced  by  Mr.G. 
W.  Partridge,' with  some  examples  of  the  increase  and  a  statement  that  the  effect  is 
due  to  a  "  molecular  change  or  fatigue  in  the  iron." 

There  is  also  a  note  by  Professor  Ewing  referring  to  Mr.  Partridge's  article,  alto 
ascribing  the  effect,  if  confirmed,  to  *'  a  progressive  magnetic  fatigue.*' 

In  the  same  journal  for  December  14th,  1894,  there  is  an  article  on  the  sufarject 
by  Dr.  Fleming,  stating  that  the  effect  is  not  general,  that  he  has  failed  to  find  it  in 
some  cases,  and  pointing  out  that  differences  of  temperature  at  the  times  of  testing 
may  account  for  the  variations  observed. 

Mr.  B.  T.  Smith  states  that  in  one  sample  of  iron  he  has  found  oonudeiable 
increase  after  about  240,000,000  reversals. 

Mr.  O.  T.  Blathy,  of  Buda-Pesth,  states  that  he  is  familiar  with  the  effect,  that  the 
loss  in  magnetising  transformers  increases  from  20  to  25  per  cent.,  and  that  aitificial 
heating  of  the  transformer  for  several  hours  to  about  150°  C.  will  have  tJie  tame 
effect,  which  he  states  is  permanent. 

Sir  David  Salomons  also  states  that  he  has  referred  to  the  effect  in  a  wori: 
written  some  months  ago. 
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A  carefal  examination  showed  that  this  explanation  was  untenable. 
The  increase  'was  found  in  transformers,  the  coils  of  which  were 
thoroughly  dry  and  well  insulated,  and  in  which  no  change  had 
occurred  in  the  separating  material  between  the  plates.  This  was 
<5onfirmed  by  removing  the  iron  and  trying  it  with  new  coils 
specially  insulated — also  by  trying  the  old  coils  with  other  samples 
of  iron  which  had  been  separately  tested. 

Another  explanation  suggested  was  that  the  effect  was  a  sort  of 
magnetic  fatigue — that  the  iron  deteriorated  somewhat  in  the  same 
way  as  with  steel  springs,  which  suffer  from  "  fatigue  *V  after  a  great 
number  of  extensions  or  vibrations. 

The  gradual  increase  in  the  energy  absorbed  pointed  to  a  physical 
change  in  the  iron,  which  behaved  exactly  as  if  it  slowly  hardened 
and  80  became  less  permeable — ^as  if  the  softening  results  of  the 
process  of  annealing  were  being  gradually  lost. 

Effect  of  Annealing, — On  carefully  re-annealing  some  of  the  iron  by 
beating  it  to  redness  and  cooling  slowly,  it  entirely  recovered  its 
original  high  permeability. 

Having  thus  found  that  the  iron  was  not  permanently  or  irre- 
mediably affected — altliough  apart  from  annealing  the  effect  seems 
to  be  permanent — tt  remained  to  ascertain  whether  the  change  was 
due  directly  to  the  magnetic  action,  or  whether  it  wad  caused  by 
some  secondary  condition,  having  the  reversals  of  magnetism  as  a 
primary  cause. 

Effect  of  Heat. — An  investigation  was  therefore  made  as  to  the 
effect  of  heat  on  the  iron. 

Under  the  conditions  of  working,  the  temperature  of  the  iron  in 
transformers  is  raised,  both  by  the  energy  dissipated  in  the  iron  itself 
by  hysteresis  and  eddy  currents,  and  also  by  conduction  and  radiation 
from  the  copper  windings  forming  the  primary  and  secondary  con- 
ductors. This  rise  of  temperature  varies  according  to  the  conditions 
of  working  and  the  construction  of  the  transformer;  usually  it  is 
fromi  20°  to  60**  C.  above  the  surrounding  atmosphere. 

In  order  to  investigate  the  action  of  heat,  as  distinct  from  magnetic 
or  electric  action,  some  samples  of  iron  were  kept  for  some  months 
in  an  oven  maintained  at  temperatures  varying  from  about  60**  C.  to 
about  76*  C.  These  samples  were  of  iron  obtained  for  transformer 
oonatruction  and  were  built  up  in  the  manner  of  transformers,  having 
windings  which  were  used  simply  for  testing  purposes. 

Method  of  Measuring. — The  coils  used  were  of  known  turns  and 
resistance.  The  wire  was  of  such  a  size  as  to  make  the  C'^R  loss 
negligible  in  comparison  with  the  losses  in  the  iron.  The  power 
was  measured  by  a  very  sensitive  wattmeter,  constructed  by 
Dr.  Fleming,  the  volts  by  a  Cardew  voltmeter  checked  against  a 
Kelvin  multicellular  electrostatic  voltmeter,  and  the  currexit.  \i^   ^ 
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Siemens  eleotro-dynamometer.  These  were  instrnments  in  regular 
use  for  mauufactaring  purposes  and  used  in  fixed  positions.  The 
readings  of  watts  and  volts  are  reliable  within  about  0*5  per  cent. 
The  carrent  readings  are  less  accurate,  as  the  range  of  the  instrument 
was  not  very  suitable*  The  source  of  current  was  a  37-kilowatt 
alternator  of  the  author's  type,  working  at  100  periods  per  second, 
and  at  a  high  E.M.F.  The  low  E.M.F.  required  for  the  tests,  from 
20  to  60  Tolts,  was  given  by  the  secondary  of  a  transformer,  the 
primary  of  which  was  connected  to  the  alternator.  Variations  of 
E.M.F.  were  obtained  by  adjustment  of  the  field  excitation  of  the 
alternator. 

There  are  irregularities  in  the  tabulated  readings  which  arc 
probably  not  entirely  due  to  errors  of  observation,  but  to  differences 
of  the  conditions  under  which  the  tests  were  made.  For  example,  the 
iron  when  removed  from  the  oven  was  allowed  to  cool,  but  the  exact 
temperature  was  not  taken,  and  it  certainly  was  not  the  same  in  all 
cases.  In  August  it  would  probably  be  higher  than  in  December. 
And  although  the  alternator  used  to  supply  the  testing  current  waa 
the  same  in  all  cases  and  was  run  at  the  same  periodicity,  there  were 
differences  of  condition  of  the  circuit  and  load  which  may  have  had  a 
slight  influence  on  the  results. 

Sample  No.  1.  This  consisted  of  a  block  built  up  of  stampinga 
arranged  as  in  Fig.  1,  which  shows  section  and  plan,  the  outside 
dimensions  of  the  plates  being  16^  ins.  by  11  ins.  The  sheets  were 
0014  in.  (0*354  mm.)  thick,  varying  slightly ;  they  were  built  up  to 
a  certain  thickness  with  100  stampings  separated  by  paper,  the  total 
weight  being  about  55  lbs.     The  winding  is  shown  at  G. 

Samples  Nos.  2  and  3  were  made  up  exactly  the  same  as  No.  1, 
hut  were  taken  from  different  supplies  of  iron. 

They  were  occasionally  removed  from  the  oven,  allowed  to  cool,  and 
then  returned  to  the  oven  after  a  test  had  been  taken  of  the  loss  of 
energy  with  a  given  magnetisation. 

The  results  obtained  from  these  tlu*ee  samples  are  given  respec-^ 
tively  in  Tables  1,  2,  and  3,  and  graphically  in  Diagrams  1,  2,  and  3. 
For  ease  of  comparison  the  watts  are  plotted  as  percentages  in  all 
the  diagi*ams. 

The  magnetising  coil  in  each  of  these  cases  consisted  of  100  turns 
of  copper  strip  0*16  in.  by  0*09  in.,  having  a  resistance  of  0'15  ohm, 
or  so  low  as  to  make  the  C'B  loss  negligible,  as  compared  with  the 
loss  in  the  iron.  For  example:  with  the  maximum  current  used, 
07  ampere,  C^K  =  0*0735  watt,  the  total  loss  being  29*3  watts. 

In  the  foregoing  examples  the  iron  magnetic  circuit  is  not  quite 
continuous :  it  is  interrapted  in  part  by  butt  joints  and  in  part  hf 
lap  joints. 

Sample  No.  5.     In  order  to  eliminate  any  eri-ors  that  might  oon- 
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c-4®@®0:  ■m^m-c 


oeivably  be  cansed  by  alterations  at  the  joints,  a  rectangle  was  made- 
np  as  follows  : — 

A  nnmber  of  iron  plat«s  were  taken,  each  16^  ins.  hj  11  ins. 
by  0014  in.,  there  being  stamped  ont  from  the  middle  of  each  plate 
a  piece  11  ins.  hj  5^  ins.,  as  in  Fig.  2,  showing  side  and  edge  views. 
The  plates  were  separated  hj  paper  and  bound  together  by  tape. 
They  were  then  overwound,  as  in  the  figure,  with  a  continuous  wind- 
ing, consisting  of  140  turns  of  insulated  copper  wire  0049  in. 
diameter  (resistance  0'4  ohm)  so  disposed  as  to  magnetise  the  block 
almost  evenly  throoghont  the  magnetic  circuit. 

The  measurements  made  with  this  sample  are  given  in  Table  V 
and  Diagium  5. 
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Via.  2. 


Ou  the  occasion  of  each  test,  measurements  were  made  at  three 
densities,  viz.,  B  2500,  2752,  3050. 

The  sample  waa  kept  in  the  oven  between  each  set  of  tests,  at  the 
same  temperature  as  the  others,  that  is,  an  average  of  about  67°  C. 

It  will  bo  seen  that  the  hysteresis  is  still  rising,  the  change  being 
about  in  the  same  order  as  in  the  other  samples,  showing  that  the 
question  of  joints  has  no  noticeable  effect.  The  change  also  follows 
closely  the  same  order,  whether  measured  at  2500,  2762,  or  3050  B. 

Effect  of  Pressure. — An  attempt  was  made  to  find  if  the  increase 
was  due  directly  to  heat  or  to  a  mechanical  condition  brought 
about  by  the  heat. 

A  possible  explanation  of  the  increase  of  hysteresis  suggested  itself 
in  connection  with  the  method  of  construction.  In  transformers  the 
iron  laminae  are  usually  bolted  together  very  firmly,  in  order  to 
ensure  good  contacts  at  the  magnetic  joints,  to  prevent  noise,  and  for 
ordinary  purposes  of  mechanical  construction.  It  appeared  possible 
that  the  expansion  of  the  iron,  due  to  heat,  caused  the  plates  to  be 
pressed  together  more  firmly  when  hot  than  when  cold,  and  that  this 
state  of  compression,  if  long  continued,  had  a  hardening  effect  on  the 
iron  similar  to  that  caused  by  cold  rolling  or  hammering. 
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.  One  objection  to  this  explanation  was,  that  as  the  iron  bolts- 
holding  the  plates  together  were  heated  nearly  as  much  as  the  plates, 
and  therefore  expanded  nearly  as  much,  the  pressure  could  only  vary 
slightly. 

It  was  thought  that  in  some  forms  such  a  gradual  hardening 
might  also  be  caused  by  the  pressure  exerted  by  the  weight  of  the 
upper  plates  on  the  lower  ones.  But  the  increase  was  found  where 
there  was  no  superincumbent  weight,  in  transformers  in  which  the 
plates  rested  on  their  sides  or  edges. 

In  order  to  investigate  this  point  two  experiments  were  tried.  The 
first  was  with  the  sample  marked  No.  5.  In  order,  as  far  as  possible, 
to  avoid  any  compression,  the  plates  in  this  sample  were  not  bolted 
or  clamped  together,  but,  as  described  above,  were  merely  held 
together  by  a  binding  of  insulating  tape  and  by  the  layer  of  copper 
wire  with  which  they  were  covered.  The  results  given  in  Table  V 
do  not  differ  materially  from  those  of  Nos.  I,  2,  and  3. 

An  observation  which  tends  to  indicate  that  pressure  is  Jiot  the- 
cause  of  the  change  of  condition  was  made  some  time  ago.  Different 
parts  of  the  iron  of  a  transformer,  which  had  been  in  use  some  time, 
were  examined,  when  it  was  found  that  the  middle  portions  were 
rather  more  affected  than  the  end  portions.  As  the  end  portions, 
being  most  exposed,  are  least  heated,  and  as  in  this  instance  all  partfs 
were  subject  to  the  same  amount  of  pressure  by  the  clamps  or  bolts,, 
this  observation  does  not  support  the  supposition  that  pressure  is  the 
cause  of  the  change.  As,  however,  commercial  iron  varies  in  its 
hysteresis,  even  in  the  same  sheet,  the  observation  is  of  doubtful 
value 

A  second  set  of  tests  is  that  marked  No.  6.  In  this  case  the  iron 
used  was  of  the  same  size  as  in  Nos.  I,  2,  and  3,  but  of  smaller 
amount. 

It  was  arranged  with  a  testing  coil  in  the  same  manner,  but  instead 
of  keeping  the  iron  with  its  coil  complete  throughout  the  experiment^ 
the  coil  was  only  put  on  for  the  tests,  and  was  then  removed,  the 
iron  being  placed  in  the  oven,  arranged  as  a  fiat  block  (its  upper 
surface  being  about  150  sq.  ins.),  with  a  weight  of  about  300  lbs.  on 
it  till  the  next  test  was  made.  It  was  thought  that  perhaps  the 
slight  pressure  produced  in  this  way  might  affect  the  results.  These 
are  given  in  Table  YI  and  Diagram  No.  6,  and  are  markedly  different 
from  the  tests  of  Nos.  I,  2,  3,  and  5.  The  increase  of  hysteresis  is 
g;reater,  although  the  test  has  not  been  so  long  in  progress. 

This  point  deserves  full  investigation,  and  the  author  hopes  to 
obtain  further  results  from  tests  now  in  progress.* 

Change  of  Power-factor, — The  power- factor  or  ratio  of  watts  to 
Tolts  X  amperes  shows  an  irregular  increase  in  all  the  tests.     This 

*  See  Appendix  I,  p.  240. 
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increase  in  the  power-factor  indicates  a  possible  (but  improbable) 
increase  in  the  eddies,  sacb  as  would  be  acconnted  for  hy  a  decrease 
of  the  specific  resistance  of  the  iron.  The  author  is  proceeding  to 
investigate  this  matter  by  continuously  heating  a  ring  formed  by 
winding  a  volute  of  iron  ribbon  or  wire,  overwound  with  a  testing 
>coil  of  copper  wire.  The  ends  of  the  iron  being  brought  out  enable 
measurements  of  the  resistance  to  be  taken,  the  magnetising  losses 
being  measured  as  in  the  other  samples.* 

Magiietisation  iwt  necessary  to  Production  of  the  Effect. — ^Having 
ascertained  that  neither  magnetic  nor  electric  action  was  necessary  to 
the  production  of  this  efPect,  the  author  has  endeavoured  to  find 
whether  alternate- current  magnetisation  of  iron  can  be  carried  on 
continuously,  or  for  considerable  periods,  without  producing  any 
noticeable  change,  and,  although  the  evidence  is  not  sufficient  to 
justify  a  positive  statement,  he  finds  that  so  long  as  the  iron  is  kept 
cool  it  suffers  no  reduction  of  permeability.  For  example,  a  trans- 
former in  regular  use  for  certain  testing  purposes,  and  used  several 
hours  daily  during  the  last  fifteen  months,  has  kept  its  permeability 
unaltered.  It  is  magnetised  at  various  densities  up  to  about  2700  B. 
It  is  a  specially  designed  apparatus,  of  large  size  for  the  work  it  has 
to  do  (and  therefore  inefficient  and  costly),  and  the  temperature  of  its 
iron  probably  never  rises  more  than  about  6^  to  8°  C.  above  the  room 
in  which  it  is  placed.  It  may  be  that  its  daily  periods  of  rest  account 
for  the  absence  of  change.  This  supposition  is,  however,  not  sup- 
ported by  other  cases  where  iron  which  has  been  in  regular  use,  but 
with  daily  periods  of  rest,  has  shown  the  increase  of  hysteresis  very 
clearly. 

Condition  not  Changed  hy  Bepose, — Further,  the  iron  of  some  trans- 
formers which  showed  this  increase,  but  which  for  several  months 
have  not  been  used,  shows  no  return  to  the  original  condition.  The 
author  is  therefore  inclined  to  believe  that  if  periods  of  repose  in 
«ome  cases  prevent  the  rise,  it  is  because  the  time  of  use  is  not  long 
enough  to  allow  of  much  increase  of  temperature. 

This  part  of  the  subject  is  being  pursued,  but  for  the  present  the 
author  will  ouly  say  that,  so  long  as  iron  is  only  slightly  warmed 
(even  when  that  warmth  is  caused  by  alternate-current  magnetisa- 
tion) its  permeability  remains  unaffected. 

It  may  be  that  repose  at  a  temperature  near  or  below  zero,  Centi- 
grade, or  at  a  still  lower  temperature,  would  have  some  effect.  It 
appears  possible,  since  continued  expansion  due  to  moderate  heat  can 
bring  about  this  permanent  increase  of  hysteresis,  that  continued 
contraction  by  moderate  cold  may  bring  the  iron  back  to  its  original 
tsondition,  or  even  permanently  increase  its  permeability.  The  anther 
intends  to  investigate  this  point. 

*  See  Appendix  II,  p.  241. 
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Tlie  slow  increase  of  hysteresis,*  which  is  the  subject  of  this 
commnnication,  must  not  be  classed  with  the  immediate  effect  pro- 
duced hj  the  moderate  heating  of  iron.  When  the  iron  of  trans- 
formers is  heated,  in  working,  it  at  first  absorbs  less  energy  than 
when  cool,  probably  because  the  increase  in  its  resistance  lessens  the 
eddies  set  up  in  it.  This  is  the  case  whether  the  heating  is  by 
ordinary  means  or  by  magnetic  reversals.  It  is  a  temporary  effect — 
the  loss  goes  up  again  on  cooling.  If  it  is  kept  heated,  a  slow  change 
takes  place,  the  loss  gradually  increasing  again,  from  the  decrease  of 
permeability  caused  by  heat.f  If  the  temporary  reduction  of  the  loss 
is  entirely  accounted  for  by  the  increased  resistance  reducing  the 
eddies,  it  appears  to  afford  a  means  of  separating  the  losses  caused 
by  hysteresis  proper,  and  those  caused  by  eddies.  The  ordinary 
measurement  of  magnetising  loss  of  course  gives  the  sum  of  these 
two. 

The  increase  of  hysteresis  shown  in  the  tests,  and  resulting  from 
the  heating,  is  somewhat  greater  than  the  author  has  observed  in 
transformers  where  the  heat  has  been  caused  by  the  magnetic  and 
electric  losses ;  possibly  this  is  because  in  the  latter  cases  the  tempe- 
rature has  been  somewhat  lower. 

All  the  tests  show  an  increase  of  loss,  the  maximum  apparently 
not  yet  having  been  reached.     The  tests  are  being  continued. 

Conclusions, — The  conclusions  to  which  these  observations  lead,  so 
far  as  they  have  gone,  are : — 

1.  The  effect  is  not  fatigue  of  the  iron  caused  directly  by  repeated 
magnetic  reversals — it  is  not  *'  progressive  magnetic  fatigue." 

2.  Neither  magnetic  nor  electric  action  is  necessary  to  its  pro- 
duction. 

3.  It  is  a  physical  change  resulting  from  long-continned  heating  at 
a  very  moderate  temperature. 

4.  It  appears  to  be  greater  if  pressure  is  applied  during  heating. 

5.  It  is  not  produced  when  the  iron  is  not  allowed  to  rise  more 
than  a  few  degrees  above  the  ordinary  atmosphere. 

6.  It  is  similar  to  the  effect  produced  by  hammering,  rolling,  or  by 
heating  to  redness  and  cooling  quickly. 

7.  The  iron  returns  to  its  original  condition  on  re- annealing. 

8.  It  does  not  return  to  its  original  condition  if  kept  unused  and  at 
ordinary  atmospheric  temperatures,  whether  the  periods  of  rest  are 
short  or  long. 


*  TioM  effect  may  have  an  important  influence  on  the  reliability  of  measuring 
inttramenta  having  iron  portions  magnetised  by  alternate  currents.  The  constants 
of  fooh  inftroments  may  gradually  fall. 

t  See  Appendix  III,  p.  242. 
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Table  I  (see  also  Diagram  1). 
Magnetisation  =  2500  B.      Section  of  Iix)n,  49*7  sq.  cm. 


I 


ip^res. 

Power-factor. 

Watte. 

Date 

■ 

0-41 

0-74 

16-,^ 

August 

24,  1894. 

0-60 

0-75 

20-76 

September 

20,    „ 

0-53 

0-87 

25-65 

1) 

27,    ,. 

0-54 

0-88 

266 

October 

5.     ., 

0-56 

0-83 

25-71 

«» 

12,     .. 

0-58 

0-85 

26-9 

>• 

2:J,    .. 

0-59 

0-89 

28-77 

)> 

29,     „ 

0-60 

0-81 

26-71 

No  vem  bel- 

5,    ,, 

0-60 

0-84 

27-4 

li 

13.    .. 

0-59 

0-82 

26-31 

December 

6,    ., 

0-61 

0-85 

28-88 

»» 

12,    „ 

0-62 

0-85 

29-03 

»i 

27,    ,. 

0-61 

0-81 

27-9 

January 

7, 1895. 

0-62 

0-81 

27-3 

11 

25.    „ 

0-62 

• 

0-85 

28-96 

February 

7,    ,. 

•  Added 

since  diagram 

was  eugrared. 
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Table  II  (see  also  Diagram  2). 
Magnetisation  =  2500  B.       Section  of  Iron,  49*7  sq.  cm. 


Amp^TBR. 

Power-Cftotor. 

WatU. 

Date. 

0-55 

0-7 

20-12 

AnguHt        27, 

1894. 

0-66 

0-.71 

25-8 

September,  20, 

0-66 

0-84 

30-75 

27, 

0-67 

0-86 

30-55 

October        5, 

W 

0-71 

0-75 

28-79 

12, 

»» 

0-70 

0-8 

30-99 

23, 

»t 

0-71 

0-85 

33-08 

29, 

»» 

0-71 

0-8 

30-05 

November     5, 

ft 

0-714 

0-8 

31-46 

13, 

»t 

0-7 

0-79 

29-3 

December     6, 

0-74 

0-745 

32-54 

12, 

/■0-72 

0-87 

34-7 

27, 

0-73 

0-77 

80-85 

Jannarj        7, 

1895. 

So-74 

0-75 

30-8 

25, 

9$ 

lo-74 

0-8 

32-87 

February      7, 

W 

^  Added  since  diagram  was  engraTod. 
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Table  III  (see  also  Diagram  3). 


Magnetiaation  =  25t 

K)B.      S 

-ction  of  iron, 

49-7  «i.  cm 

Amperes. 

Power-factor. 

WattB. 

Bat< 

043 

07 

16-61 

September 

20,1894. 

046 

08 

21-5 

27,    „ 

051 

0-86 

24-28 

October 

5.     „ 

0-53 

08 

23-7 

„ 

12.     ,. 

065 

0-84 

25-61 

23,     „ 

056 

089 

27-67 

„ 

29,     „ 

0-56 

0-82 

254 

November 

6,    „ 

0-55 

0-8 

26-16 

19,     „ 

Coil  abort  circuited 

December 

6,    „ 

,? 

.•bT 

.?u 

S.S'" 

«         ■' 

H 

|S 

70    ao    so    100    1*0 
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This  sample  waa  then  removed  from  the  oven  and  left  in  repose, 
was  again  tested  on  January  25, 1895,  with  the  following  result : — 
Loss  at  2500  B,  254  watts,  showing  that  repose  for  fifty  days 
id  produced  no  effect. 

Table  Y  (see  also  Diagram  5). 


'< 


ip^res. 
0-46 
0-48 
0-50 

Power-factor. 
076 
0-85 
0-86 

Wattii. 
8-9 
10-3 
121 

B. 

25001 
2762 
3050  J 

Date 
>  September 

• 

29,  1894 

0-46 
0-48 
0-51 

0-83 

0-8 

0-84 

8-81 

9-91 

1208 

2500] 
2762 
3050  J 

>  October 

5,      ,f 

0-49 
0-51 
0-53 

079 
078 
0-81 

8-85 
80-18 
1218 

2500^ 
2762 
3050  J 

>     „ 

12.      „ 

0-56 
0-59 
0-61 

0-86 
0-86 
0-87 

1115 
12-82 
14-79 

2500' 
2762 
3050  J 

>     "    . 

23,      „ 

0-58 
0-60 
0-61 

0-88 

0-9 

0-92 

11-73 

14-9 

15-94 

26301 
2762 
3050  J 

> 

29,      „ 

0-60 
0-61 
0-64 

0-88 

0-9 

0-87 

1213 
14-22 
15-67 

25001 
2762 
3050  J 

^November 

r 

0-60 
0-62 
0-65 

0-9 

0-91 

0-88 

12-35 
14-5 

16-18 

2500] 
2762 
3050  J 

> 

13,       „ 

0-65 
0-69 
071 

0-87 
0-88 
0-88 

13-1 
15-5 

17-68 

2500' 
2762 
3050  J 

^December 

6,      „ 

0-67 
070 
072 

0-9 

0-95 

0-92 

14-28 
16-96 
18-76 

2500] 
2762 
3050  J 

'• 

12,      „ 

0-64 
0-67 
071 

0-9 
0-9 
0-9 

13-83 
15-74 
18-37 

25001 

2762 

3050. 

>         „ 

27,       „ 

0-67 
0-69 
.072 

0-82 
0-86 
0-84 

12-7 
151 
170 

2500^ 

2762 

3050. 

^January 

7,  189S 

*  Added  since  diagram  waa  engrayed. 
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Table  V- 

Ampcrca. 

Power-faotor 

Wstt*. 

B. 

Itato. 

rO-67 
10-71 

0*3 

12-9 

2500-| 

0-81 

ll-6t 

2762 

January 

1074 
0-69 

0-81 

16-32 

:1050J 

0-87 

13-9 

2500-1 

0-7-2 

0-87 

16-0 

2762 

Fobrnaiy 

Lo-74 

0-88 

18-4 

3050  J 

% 

DiAesAK  e. 

■h  . 

u 

S5'; 

i^^ 

t  s-" 

1 

25 

,^■0 

1" 

? 

ioeo30403oeo;t)60 
Daya 


100    110   ea 


Table  VI  (see  also  Diagram  6). 

Magnetisation  =  2500  B. 

Ampirat.     Power-factor.        W«tU.  Dmte. 

0-37  071  7-25  October        5, 1894. 

0-38  0-77  7-99  „  12,    „ 

■  Add«d  linee  diagram  nsi  Bngmvtd. 


1895.] 


in  Ote  Magnetic  PermeabUity  of  Iron. 


Table  Vl—txmtinwid. 

mpin*. 

Paver- Factor.       Watt*. 

Date. 

0-46 

0-8              10-33 

October 

23,  1894. 

0« 

0-9              11-55 

„ 

29,    „ 

0-50 

0-84            11-61 

November 

5,    „ 

0-59 

0-85            11-8 

,, 

13,    „ 

0-55 

0-82            12-63 

December 

6,    „ 

0-66 

0-91            14-8 

„ 

11,    ,. 

0-596 

0-86            14-2 

„ 

27,    „ 

0586 

0-80            13-0 

January 

7,  1895. 

0-61 

0-76            12-65 

„ 

25,    „ 

.0-616 

0-82            13-9 

DIAOIUK  8 

Febimr; 

7,    <> 

iiiiiii 

iiiiiii 


to      eO     SO     40     SO     00     70      so      90      lOO    no     (£0 
Jkxyg. 
*  Added  (ioce  diagram  wh  engraved. 
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Added  February  9,  1895. 

Appendix  I, 

Effect  of  Pressure  without  Heat, — The  following  test  on  the  effect 
of  pressure  has  been  made  without  the  application  of  heat.  A  trans- 
former constrncfced  in  the  manner  of  Fig.  1  was  taken  and  tightened 
up  by  hand  in  the  nsual  way,  sufficient  for  ordinary  purposes  of  con- 
struction. The  loss,  on  magnetising  to  2180  B  at  100  ^^  was  found  to 
be  598  watts. 

It  was  then  submitted  to  a  pressure  of  100  tons,  or  about  1500  lbs. 
per  sq.  in.  (10*57  kilos,  per  sq.  cm.),  in  a  direction  to  force  the 
laminsB  closer  together,  the  tightening  bolts  then  being  screwed  up 
with  the  pressure  on.  On  magnetising  again  to  2180  B  the  loss  was 
found  to  be  72*5  watts,  or  an  increase  of  21  per  cent. 

It  was  kept  bolted  up  in  this  way  for  30  days,  and  readings 
taken  occasionally  as  shown  in  Table  lY,  the  loss  remaining  practi- 
cally unchanged  under  this  continued  application  of  pressure. 

The  bolts  were  then  slackened  and  the  loss,  on  being  again 
measured,  was  found  to  be  the  same  as  before  the  pressure  was 
applied. 

Thus,  without  heat,  pressure  (up  to  the  limits  of  the  test)  pro- 
duces no  permanent  effect.  But  that  even  a  yeiy  small  pressure  will 
increase  the  permanent  effect  of  heat  is  shown  by  the  results  given 
in  Table  VI. 

It  should,  however,  be  remembered  that  Table  VI  is  the  record  of 
only  a  single  set  of  tests,  and  that  it  is  not  known  what  the  e&ct 
would  have  been  if  the  iron  had  been  heated  without  any  application 
of  pressure.  It  is,  therefore,  safe  only  to  say  that  under  considerable 
pi'essure,  without  the  application  of  heat,  there  is  a  change  of  a 
definite  amount  which  remains  constant  under  constant  pressure,  and 
which  disappears  immediately  on  the  removal  of  the  pressure.* 
It  is,  however,  clear  that  the  slow  decrease  in  permeabiHtj  under 
continued  moderate  heating  is  not  to  be  accounted  for  by  hardening 
produced  by  pressure. 

The  hardening,  which  takes  place  very  slowly  at  these  low  tempera- 
tures, is  similar,  apparently,  to  the  hardening  which  takes  place 
when  iron  is  heated  to  a  high  temperature  and  then  suddenly 
cooled. 


•  Experiments  on  a  solid  bar  under  pressure  have  been  made  by  Ewing  and  I>>w. 
**  On  tlie  Influence  of  a  Plane  of  TransTerse  Section  on  the  Magnetic  Permaalrilify 
of  an  Iron  Bar,"  *  FhU.  Mag./  September,  1888. 
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Table  IV. 

(Without  application  of  heat ;  magnetised  only  for  a  few  minutes 
occasionally  for  purpose  of  measuring  loss.) 

Watte. 
Before  applying  pressure 59'8 

T^     .  1.    X.         I.  f  72*5  on  application. 

Durmg  application  of  pressure  I  .^^.g  ^^^^  ^ 

of  1500  lbs.  per  sq.  in.  (10•57^  ^o  o         oo 

kilofl.  per  sq.  cm.)  [^^.g    ^^   30    ^ 

Without  pressure 59*4  on  30th  day. 

The  author  has  a  test  in  hand  to  find  the  effect  of  heat  combined 
with  considerable  pressure,  but  cannot  yet  give  any  results. 

Appendix  II. 

The  results  obtained  in  this  way,  so  far  as  the  investigation  ha» 
g^ne,  are  as  follows  : — 

A  ring  was  made  ujp  of  iron  ribbon,  wound  in  a  close  volut'C,  the 
convolutions  separated  from  each  other  by  paper.  This  was  then 
wound  with  a  magnetising  winding  of  copper  wire  covering  the 
whole  ring.  A  test  was  taken  on  January  15,  1895,  of  the  resistance 
of  the  iron,  and  of  the  energy  spent  in  magnetising  it  to  2500  B  at 
100 '^.  It  was  then  kept  in  an  oven  at  a  temperature  ranging 
between  60**  and  75**  C.  It  was  taken  out,  cooled,  and  the  tests 
repeated  on  January  25  and  February  8  as  below : — 


Date. 

Temperature. 

Watts 
at  100  ^^f. 

Power- 
factor. 

Besistance 
of  the  iron. 

January  15. 

17-3 
17-0 
17-3 

4*9 
5*4 
6*7 

0*72 
0*73 
0*8 

0-94»o 

0*96 

1*07 

25 

February  8. .  •  • 

Thus  the  hysteresis  loss  has  gone  up  considerably,  as  a  result  of 
continued  heating,  and  the  resistance  has  also  risen.  This  result  is 
in  accordance  with  what  is  known  as  to  the  connection  between  the 
magnetic  permeability  and  the  electrical  resistance  of  iron.  Pro- 
fessor Hughes  showed  many  years  ago*  that  the  lower  the  resistance 
of  iron  the  better  its  magnetic  qualities. 

As  bearing  on  this  point,  the  author  has  measured  the  resistance  of 
some  soft  annealed  iron  strips,  which  were  then  hardened  by  being 

•  *  Roy.  See.  Proc.,'  December,  1883. 
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heated  to  redness  and  qnencbed  in  oil  at  14°  C.  It  was  found  that  this 
hardening  process  increased  the  resistance  4  per  cent,  and  7  per  cent, 
in  different  samples. 

Appendix  III. 

This  effect  may  be  illustrated  by  an  example.  A  transformer  was 
kept  in  a  tank  of  heated  oil,  the  temperature  of  which  was  kept  between 
110°  and  140°  C.  Readings  of  its  loss  were  taken  occasionally  as 
below,  the  magnetisation  being  the  same  in  all  cases,  the  cnrrent 
being  applied  only  at  the  time  and  for  the  purpose  of  the  test. 

This  test  has  not  yet  been  in  progress  long  enough  to  show  Xhe 
slow  rise  very  clearly. 

Watts. 

On  immersion 33*13    Jan.  1,  1895. 

After  20  minutes 32-19 

„      1  hour 320 

„  1     „       20  minutes..  32*0 

„  2  hours  30        „       ..  31-54   . 

„    24    „     28-88 

„      2  days 29-6 

„     3     „     30-67 

„     4    „     31-5 

,,     6    „     36-0 

„      7    „     33-6 

,,      8    , 36-6 

„     9     „    32-6 

„    18    „     32-9 

„    29    „     35-9    Jan.  29,  1895. 


Present 8y  January  17,  1895. 
Transactions. 

Adelaide : — Royal  Society  of  South  Australia.    Transactions  and- 

Proceedings.      Vol.    XVIII,   for    1893-94.      8vo.      Adelaide 

1894.  The  Societjr- 

Baltimore : — Johns  Hopkins  University.     Circulars.      Vol.  XIV^ 

No.  115.     4to.     Baltimore  1894.  The  UniverBit;^ 

Berlin : — Gesellschaft  fiir  Erdkunde.     Verhandlungen.     Bd. 

No.  9.     8vo.    Berlin  1894 ;   Zeitschrif t.     Bd.  XXIX.     No. 

8vo.     BerU7il894>,  The 

Briinn: — ^Naturf orschender  Verein.  Verhandlungen.  BandXXXU 

1893.     8vo.    BrUnn  1894.  The  Sodetjitf 

Brussels: — Academic  Royal  de  Medecine.    M^moires  Coaronn^ 

Tome  XIII.    8vo.     Bruxelles  lS94i.  The  Academ: 


1895.]  Presmts.  243 

Transactions  (continued). 

Bada-Pesth  : — Kdnigl.  ITngariscbe  Geologische  Anstalt.    Foldtani 
Kozlony.    Kotet  XXIV.    FUzet  6— 10.    8vo.    Budapest  IS94 ; 

Mittheilnngen.     Bd.  X.     Hefl  6.     8vo.     Budapest  1894. 

The  Institute. 
Baitenzorg: — 's  Lands  Plantentain.     Mededeelingen.     No.  XIII. 

8vo.     Buitenzorg  1894.  The  Director. 

Calcutta: — Indian  Museum.     Catalogue  of  the   Coins.     Part  1. 

8vo.     Calcutta  I894u  The  Trastees. 

Cambridge,  Mass. : — Museum  of  Comparative  Zoology.     Bulletin. 

Vol.  XXV.     No.  11.     8vo.     Cambridge,  Mass.  1894. 

The  Museum. 
Copenhagen: — K.    Danske    Videnskabemes    Selskab.      Oversigt. 

1894.     No.  2.     8vo.     Kfhenhavn.  The  Society. 

Cork : — Queen's   College.      Calendar.     Session   1894-95.      12mo. 

C&rk  1894.  The  College. 

Cracow: — Academic  des   Sciences.     Bulletin  International.     No- 

vembro,  1894.     8vo.     Cracovie.  The  Academy. 

Dresden: — ^Vei'ein    fiir    Erdkunde.       Jahresbericht.       24.      8vo. 

Dresden  1894 ;   Litteratur  der  Landes-  und  Volkskunde  des 

Konigreichs  Sachsen.     Nachtrag  2.     870.    Dresden  1894. 

The  Society. 
Edinburgh: — Royal   College  of   Physicians.      Reports  from  the 

Laboratory.     Volume  5.     8vo.     Edinburgh  1894. 

The  College. 
Scottish  Microscopical  Society.     Proceedings.     Session  1893-94. 

8vo.     Edinburgh  1894.  The  Society. 

Genoa: — Society  Ligustica  di    Scienze    Natural!  e  Geografiche. 

Vol.  V.     No.  3.    8vo.     Genova  1894.  The  Society. 

Helsingfors : — Sallskapet  for  Finlands  Geografi.     Fennia.     Parts 

9,  11.     8vo.     Helsingfors  1894.  The  Society. 

Irkutsk: — East  Siberian  Section,  Imperial  Russian  Geographical 

Society.     Izvestiya.     [^Russian.']      Tom.  XXV.    No.  1.     8vo. 

Irkutsk  1894.  The  Section. 

Kazan: — Imperial   University.      [Two   Theses.*     BussianJ]     8vo. 

Kazan   1894;    [Scientific  Notes.     Busstan,']      1894.     No.   6. 

8vo.     Kazan.  The  University. 

Kew : — Royal  Gardens.     Bulletin  of  Miscellaneous  Information. 

No.  95.     1894.     8vo.    London  1894.  The  Director. 

■  Leipsic: — ^Astronomische  Gesellschaf t.    Catalog.    Abth.  I.    Stuck  G. 

4to.  Leipzig  1894 ;  Vierteljahrsschrift.   Jahrgang  29.   Heft  3. 

8vo.     Leipzig  1894.  The  Society. 

Kdnigl.  Sachs.  Gesellschaft  der  Wissenschaften.    Berichte  iiber 

dieVerhandlungen.    Math.  Phys.  Classe.   1894.   Part  2.    8vo. 

Leipzig  1894.  The  Soci^Vj . 


244  Presmts.  [Jan.  17^ 

Transactions  {continued). 

Liverpool : — Liverpool  Geological  Society.  Proceedings.  Session 
XXXV.    Volume  7,  Part  2.    8vo.    Liverpool  1894. 

The  Sooietj. 
London: — British  Astronomical  Association.      Joamal.     VoL  V. 
No.  2.     8vo.    London  1894.  The  Association. 

Camera  Clnb.     Journal.     Vol.  VIII.    No,  103.     8vo.     Londtm 
1894 ;  Vol.  IX.     No.  104.     8vo.    Lmdon  1895.         The  Clnb. 
Entomological   Society.      Transactions.     1894.     Part  4.     8vo. 
London  1894.  The  Society. 

Odontological   Society.     Transactions.    Vol.  XXVII.      No.    !• 
8vo.     London  1894.  The  Society. 

Qnekett  Microscopical  Club.    Journal.    Vol.  V.    No.  36.     8vo. 
London  1894.  The  Club. 

Royal     Medical     and     Chirurgical     Society.        Transactions. 
Volume  77.     8vo.     London  1894.  The  Society. 

Royal  Microscopical  Society.     Journal.     1894.     Part  6.     8to. 
London  1894.  The  Society. 

Royal  Photographic  Society.     Journal  and  Transactions.     Vol. 
XIX.    No.  4.     8vo.     London  ISM.  The  Society. 

Royal  Statistical  Society.     Journal.    Vol.  LVII.     Part  4.     8vo. 
London  1894.  The  Society. 

Royal  United  Service  Institation.    Journal.     Vol.  XXXVIII. 
No.  202.     1894.     8vo.    Lmdon  1894.  The  Institation. 

Magdeburg : — Naturwisseuschaftlicher  Verein.  Jahresbericht  nnd 
Abhandlungen.  1893-94.  8vo.  Magdeburg  1894;  Fest- 
schrift zur  Fcier  des  25  jahrigen  Stiflungstages.  8vo. 
Magdeburg  1894.  The  Society. 

Manchester  : — Literary  and  Philosophical  Society.  Memoirs  and 
Proceedings.     Vol.  8.     No.  4.     8vo.     Manchester  1894. 

The  Society. 
Manchester  Geological   Society.      Transactions.     VoL  XXIII. 
Parts  1,  2.     8vo.     Manchester  1894.  The  Society. 

Naples  : — Accademia  di  Archeologia,  Lettere  e  Belle  Arti.  Audo 
VIII.    Marzo-Giugno.    8vo.    Napoli  1894.  The  Academy. 

Newcastle-upon-Tyne : — Natural  History  Society  of  Northumber- 
land, Durham,  and  Newcastle-upon-Tyne.  Transactions.  Vol. 
XI.     Parts  1,  2.     8vo.     Newcastle-upon-Tyne  1892-94. 

The  Society. 
North  of  England  Institute  of  Mining  and  Mechanical  Engine^ 
Transactions.  Vol.  XLIIL  Parts  5, 6.  Vol.  XLIV.  Parti. 
8vo.  Newcastle-upon-Tyne  1893-94;  Report  of  the  Proceed- 
ings of  the  Flameless  Explosives  Committee.  Part  1.  8^* 
Newcastle-upon-Tyne  1894;  Annual  Report  of  the  Gonnoil 
1893-94.     870.     Newcastle-upon-Tyne  1894.  The  lusdi^^ 


1895.]  Presents.  245 

Transactions  (cotUinued), 

New  York : — American  Mnseum  of  Natural  History.      Bulletin. 

Vol.  VI.    Pages  821—336.    8vo.    [New  York]  1894  ;    Vol.  VJ. 

Pages  337—352.    8vo.     [New  Tork'\  1894.  The  Mnseum. 

Palermo : — Oircolo  Matematico.     Bendiconto.     Tome  VIII.    Fasc. 

VI.     Anno  1894.    8vo.    Palermo  1894. 

Circolo  Matematico. 
Paris : — £cole  Normale  Superieure.   Annales  Scientifiques.    S^rie  3. 

Tome  XI.     No.  12.    4to.     Paris,  1894 ;   Table  des  Matidres 

contenues  dans  les  Dix  Premiers  Volumes  de  la  3'  Serie.    4to. 

Paris  1894.  The  School. 

• 

Soci^t6  de  Geographie.     Bulletin.     Tome  XV.     Trimestre  3. 

1894.     8vo.     Paris  1894.  The  Society. 

Societe  de  Mathematique  de  France.     Bulletin.     Tome  XXII. 

No.  9.    8vo.     Paris  (1894).  The  Society. 

Societe  Fran9ai8e  de  Physique.  Stances.  Annee  1894.  Fasci- 
cule 3.  8vo.  Paris  1894.  ,  The  Society. 
Rome : — Pontificia  Accademia  dei  Nuovi  Lincei.     Memorie.     Vols. 

YIL,  VIII.    8vo.    Boma  1891-92.  The  Academy. 

St.   Petersburg : — Academic  Imp6riale  des   Sciences.       Bulletin. 

S6rie  5.     Volume  I.      1894.      4to.      St    Petersburg    1894; 

M6moires.     Tome  XLI.     No.  7.     Tome  XLII.     Nos.  7  and  8. 

4to.     SL  Petersburg  1893-94.  The  Academy. 

Santiago : — Sociedad  Nacional    de   Mineria.     Bole  tin.     Ano   XI. 

No.  70.     4to.     Santiago  de  Chile  1894.  The  Society. 

Shanghai : — Royal   Asiatic  Society.     (China  Branch.)     Journal. 

Vol.  XXVI.    1891-92.   8vo.   Shanghai  1894.  The  Society. 

Siena : — R.  Accademia  dei  Fisiocritici.    Atti.     Vol.  VI.     Fasc.  10. 

8vo.     Siena  1894;   Processi  Verbali  delle  Adunanze.    No.  6. 

8vo.     Siena  1894.  The  Academy. 

Stockholm  : — Kongl.  Vetenskaps-Akademie.     Ofversigt.     Arg.  LI. 

No.  8.     8vo.     Stockholm  1894.  The  Academy. 

Throndhjem: — Kong.  Norske  Videnskabers   Selskabs.     Skrifter. 

1892.     8vo.     Throndhjem  1893.  The  Society. 

Turin  : — Reale  Accademia  delle  Scienze.    Memorie.    Tomo  XLTV. 

4to.     Torino  1894.  The  Academy. 

Vienna: — Kais.  Akademie  der  Wissenschaften.     Sitzungsberichto 

(Math-naturw.  Classe).     Bd.  GUI.     Abth.  2a.     Heft  8.    8vo. 

Wien  1894.  The  Academy. 

K.K.  Geologische  Reichsanstalt.    Verhandlungen.     1894.     Noe. 

10—13.     8vo.     Fienna  1894.  The  Institute. 

Wurzbui^  : — Physikalisch-medicinische  Gesellschaft.  Verhand- 
lungen.    Bd.   XXVIII.     Nrs.   2—5.    8vo.     Wurzburg  1894; 

Sitznngs-Berichte.    Jahrg.  1894.    Nrs.  5,  6,  7.    8vo.    WUrz- 

burg  1894.  ThA  SocvfeV.^. 


246  Presents.  [Jan.  17^ 

Observations  and  Beport43. 

Buda-Pestli : — Konigl.  Ung.  Central- Anstalt  fur  Meteorologioy  Ac. 

Jahrbuclier.     Band  XXI.     Jahrgang   1891.     8vo.     Budapest 

1894.  The  Institute. 

Briinn  : — Natnrforscbender  Verein.     Bericbt  der  Meteorologisohen 

Commission.     Jabre  1892.     8vo.     Briinn  1894. 

Tbe  Society. 
Calcutta : — ^Meteorological  Department.    Montbly  Weatber  Revief^'. 
June,  1894.    4to.  Calcutta ;  Meteorological  Observations  made 
at  Seven  Stations  in  India.     June,  1894.    4to.     [Calcutta.'} 

Tbe  Department. 

India : — Geological  Survey.     Records.   Vol.  XXVII.   Part  4.   8vo. 

Calcutta  1894.  Tbe  Survey. 

Leyden: — Sterrenwacbt.      Verslag  van   den   Staat  der   Sterren- 

wacbt.     1893-94.     8vo.     Leiden  1894.  Tbe  Observatory. 

London: — Hydrograpbic   Department,  Admiralty.     Longitude  of 

Penang,   Straits  Settlements,  determined  by  means  of  Tele- 

grapbic  Signals  excbanged  witb  Singapore  on  30tb  and  Slst 

December,  1893.     Folio.     London  1894. 

Tbe  Hydrogrrapber. 

Madras : — Arcbteological  Survey  of  India.    (New  Imperial  Series.) 

Vols.  XV  and  XVII.     4to.    Madras  1894.  Tbe  Survey. 

Paris  : — Bareau  des  Longitudes.     Annuaire  pour  Tan  1895.    12mo. 

Paris  1894.  Tbe  Bureau. 

San  Salvador : — Observatorio  Asti^onomico  y  Meteorol6gioo.     Ob- 

servaciones  Meteoroldgicas,  1892.     8vo.    San  Salvador  [1894]. 

Tbe  Observatory. 

Sydney  : — Observatory.    Meteorological  Observations.    July,  1894. 

8vo.     [Sydney]  1894.  Tbe  Observatory. 

Wasbington  : — Nautical  Almanac  OfiBce.    Extract  from  tbe  Anuual 

Report  of  tbe  Superintendent.     1894.     8vo.     Wdshinfftan. 

Tbe  Superintendent. 
U.S.  Department  of  Agricultni*e.     Experiment  Station  Record. 
Vol.  V.    Nos.  10,  11.     8vo.     Washington  1894. 

Tbe  Department. 

Zuricb  : — Scbweizeriscbe    Meteorologiscbe   Central-Anstalt.    An- 

nalen.     1892.     4to.     ZUrich  [1894].  The  Institute. 


Journals. 
Agricultural  Gkizette  of  New  Soutb  Wales.     Vol.  V.    Part  10. 

8vo.     Sydney  1894.  Department  of  Agriculture,  Sydnej. 

Anales  de  la  Asociacion  de  Ingenieros  y  Arquitectos.     Tomo  IV. 

Entregas  1—3.     8vo.     Mexico  1894.  The  Bditort. 


1895.]  Presents.  247 

Journals  (conHnued). 

Archives  N^rlandaises  des  Sciences  Ezactes  et  Naturelles.    Tome 
XXVin.     Livr.  3,  4.    8vo.    Harlem  1894. 

Soci^t6  Hollandaise  des  Sciences. 
Astronomisclie  NacHrichten.    Band  OXXXVl.    4to.     Kiel  1894. 

The  Observatory,  Kiel. 
Canadian  Record  of  Science.   Vol.  Y.    No.  8.  8vo.   Montreal  1893. 

Natural  History  Society,  Montreal. 

Morphologisches  Jahrbnch.      Bd.  XXII.    Heft  2.    Syo.    Leipzig 

1894.  Prof.  Gegenbaor,  For.  Mem.  U.S. 

Naturalist.    December,  1894.    8vo.     Leeds;  January,  1895.    8vo. 

Leeds.  The  Editors. 

Nature  Notes.     Vol.  V.     No.  60.     8vo.    London  1894 ;  Vol.  VI. 

No.  61.    8vo.    London  1895.  Selbome  Society. 

Physical  Review.    Vol.  II.     Nos.  1,  2.     8vo.     New  York  1894. 

The  Editors. 

Stazioni  Sperimentali  Agrarie  Italiane.    Vol.  XXVII.     Fasc.  3. 

8vo.    Modena  1894 ;    Vol.  XXVII.     Fasc.  4.    8vo.    Modena 

1894.  B.  Stazione  Agraria,  Modena. 

Zeitschrift  fiir  Biologie.    Bd.  XXXI.    Heft  4.    8vo.     Munchen 

1894.  The  Editors. 

Zeitschrift  fur  Naturwissenschaften.     Band  &7,    Hefts  3  and  4. 

8vo.    Letpzic  1894.         Naturwissenschaftlicher  Verein,  Halle. 


Aeland  (Sir  Henry  W.,  F.R.S.)  The  Unveiling  of  the  Statue  of 
Sydenham  in  the  Oxford  Museum,  August  9,  1894,  by  the 
Marquess  of  Salisbury,  K.G.,  Chancellor  of  the  University,  &c., 
with  an  address  by  Sir  Henry  W.  Aeland.     8vo.     Oxford  1894. 

The  Author. 

Alcock  (A.)  and  Anderson  (A.  R.)  Natural  History  Notes  from 
H.M.  Indian  Marine  Survey  Steamer  "  Investigator.*'  Series  II. 
No.  17.     8vo.     Calcutta  1894.  The  Authors. 

Dubois  (E.)  Pithecanthropus  erectus:  eine  menschenaehnliche 
Uebergangsform  aus  Java.    4to.     Batavia  1894. 

The  Colonial  Minister,  The  Hagae. 

Da  Hattiel  (J.  B.)  Opera  Philosophica.  2  vols,  in  1.  4to. 
Norimhergcs  1681.  The  Linnean  Society. 

Gaudry  (A.)    Les  Pythonomorphes  de  France.     4to.     Paris  1892. 

The  Author. 

Gibbs  (W.)  Researches  on  the  Complex  Inorganic  Acids.  Part  6. 
•8vo.     Cambridge  [Mass,']  1894.  The  Author. 

lasaly  (Abb6).  Optique  Geometrique:  Gendse,  Variety,  et  Polarisa- 
tion Axiale  des  Faisceaux  de  Rayons  Lumineux  ou  Calorifiques. 
8vo.    Bordeaux  [1894].  Tl\i^  ka^i^Di\iT. 


248  Presents. 

LoeRcher  (M.  G.)  Phjsica  Experimentalis  Gompendiosa.  8vo. 
Vitembergae  1715.  The  Linnean  Society. 

Lubbock  (B.)  Dissertatio  Phjsico-Ghemica,  inangaralis,  de  Prin- 
cipio  Sorbili,  sive  oommani  Mutationum  Ghemicarum  Gaasa, 
Quaestionem,  an  Phlogiston  fit  Sabstantia,  an  Qoalitas,  agitans. 
8vo.     Edinburgi  1784.  The  Linnean  Society. 

Nabor  (H.  A.)  Standard  Methods  in  Physics  and  Electricity  criti- 
cised, and  a  Test  for  Electric  Meters  proposed.  8vo.  London 
1894.  The  Author. 

Schreiber  (P.)  Meteorological  Observations  considered  with  Special 
Beference  to  influence  on  Vegetation.     8vo.     Chicago  1894. 

The  Author. 

^*  Secrets."  Hundcrt  acht  und  dreyszig  neu-Entdeckte  und  yolkom- 
men  bewahrte  Geheimniisse,  oder  allerhand  magisohe  .... 
Kunst-Stiicke.     12nio.     Franckfurt  1726. 

The  Linnean  Society. 

Spencer  (J.  W.)  Deformation  of  the  Landy  Beach  and  Birth  of 
Lake  Erie.  8vo.  New  Haven  1894 ;  The  Duration  of  Niagara 
Falls.     8vo.     New  Haveyi  1894.  The  Author. 

Walker  (B.)  An  Account  of  some  Bemarkable  Discoveries  in  the 
Production  of  Artificial  Gold ;  with  Expeiiments  on  the  Con- 
gelation of  Quicksilver  in  England.     8vo.     Oxford  1796. 

The  Linnean  Society. 


Nature  and  Physiological  Action  of  BlacJc^damp.  249 


January  24,  1895. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 

Treasurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  Bight  Hon.  Horace,  Lord  Davey,  a  member  of  Her  Majesty's 
Most  Honoorable  Privy  Council,  was  balloted  for  and  elected  a 
Fellow  of  the  Society. 

The  following  Papers  were  read : — 

I.  "  Notes  of  an  Enquiry  into  the  Nature  and  Physiological 
Action  of  Black-damp,  as  met  with  in  Podmore  Colliery, 
StaflTordshire,  and  Lilleshall  Colliery,  Shropshire."  By  John 
Haldane,  M.A.,  M.D.,  Lecturer  in  Physiology,  University 
of  Oxford.  Communicated  by  Professor  Burdon  Sander- 
son, F.R.S.    Received  December  6,  1894. 

Black-damp,  sometimes  also  called  choke-damp,  or  ^'  stythe,"  is  one 
of  the  gases  frequently  found  in  the  workings  of  coal  mines.  It  is 
distinguished  from  fire-damp  by  the  fact  that  it  is  not  explosive 
when  mixed  with  air,  but  extinguishes  flame ;  and  from  after-damp 
by  the  fact  that  it  is  not  the  product  of  an  explosion,  but  collects  in 
the  workings  under  ordinary  conditions.  Like  after-damp  and  fire- 
damp, it  produces  fatal  effects  when  inhaled  in  sufficient  concentra- 
tion. A  further  distinction  has  been  drawn  between  black-damp  and 
white-damp,  which  latter  is  described  as  capable  of  supporting  com- 
bustion^ while  at  the  same  time  acting  as  a  poison  when  inhaled. 

Black-damp  usually  occurs  in  old  workings  and  other  ill-ventilated 
parts  of  coal  mines.  It  is  much  more  common  in  some  districts  than  in 
others.  As  to  its  composition,  very  little  seems  to  have  been  hitherto 
ascertained,  and  I  have  not  been  able  to  discover  any  published 
analysis.  The  prevailing  opinion,  however,  is  that  it  consists  of 
carbonic  acid,  and  that  its  suffocative  properties  are  due  to  this  gas.* 
This  opinion  appears  to  bo  chiefly  based  on  the  observation  that 
black-damp  frequently  lies  along  the  floors  of  workings  with  fresh 
air  above  it,  and  must  therefore  be,  like  carbonic  acid,  heavier  than 
air. 

*  See,   for  instance,  minutes  of  evidence  before  the  "  Royal  Commission,  ow 
JUcidente  in  Mines/'  Nos.  40,  768,  6980, 11702-3, 11707-U. 
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In  a  paper  i^ead  before  the  British  Association  in  Angost  of  the 
present  year*  I  expressed  the  opinion  that  black-damp  is  chiefly 
nitrogen,  and  does  not  contain  more  than  from  10  to  20  per  cent,  of 
carbonic  acid.  One  of  the  groands  for  this  opinion  was  the  fact  that 
the  symptoms  and  the  action  on  lamps  described  as  prodnoed  by 
diluted  black-damp  do  not  correspond  with  those  prodnoed  by 
mixtures  of  carbonic  acid  with  air. 

Through  the  kind  co-operation  of  Mr.W.  N.  Atkinson,  H.M.  Inspector 
of  Coal  Mines,  I  have  lately  had  the  opportunity  of  making  observa- 
tions on  concentrated  black-damp  from  two  pits,  the  first  being  in  a 
fiery  and  the  second  in  a  non-fiery  district.  These  two  pita  were 
selected  by  Mr.  Atkinson  as  affording  characteristic  specimens '  of 
black-damp.  In  each  case  the  gas  was  obtained  from  unused  work- 
ings throagh  an  iron  pipe  inserted  through  a  stopping.  On  turning 
the  tap  with  which  the  pipe  was  provided,  the  black-damp  issued  in 
an  abundant  stream. 

Specimens  were  collected  in  the  following  manner  : — ^A  short  piece 
of  rubber  tubing  was  attached  to  the  tap  by  means  of  a  cork  perfo- 
rated by  glass  tubing.  The  other  end  of  the  rabber  tubing  was 
attached  to  another  doubly-tubulated  cork,  which  was  fitted  into  a 
small  glass  bottle.  The  second  tube  of  this  cork  was  connected  by 
rubber  tubing  with  a  small  syringe,  provided  with  valves  arranged 
for  aspirating  through  the  bottle.  With  the  help  of  the  syringe,  the 
bottle  was  washed  oat  with  about  twenty  times  its  volume  of  gas 
from  the  tap,  and  then,  while  held  mouth  upwards,  at  once  closed 
perfectly  air-tight  by  forcing  into  it  a  cork  which  had  been  previously 
boiled  in  somewhat  soft  paraffin  wax.  I  adopted  this  method  owing 
to  the  impossibility  of  using  naked  lights  in  a  fiery  mine  for  the  pur- 
pose of  sealing  up  specimens  of  gas  in  glass  tubes. 

Podmcyre  Colliet'y^  Staffordshire, 

An  ordinary  locked  safety-lamp  held  under  the  tap  was  at  once  ex- 
tinguished when  the  black-damp  was  allowed  to  issue,  as  was  a 
Clowes  hydrogen  lamp.  Two  other  safety-lamps,  which  had  been 
put  down  or  hung  up  a  few  yards  away,  were  also  extingroished 
while  the  specimens  were  being  collected.  I  was  provided  with  one 
of  the  small  electric  hand-lamps  made  by  the  Lithanode  Company, 
which  afforded  an  excellent  light,  so  that  the  loss  of  the  oil  lights 
caused  no  inconvenience.  After  the  specimens  had  been  collected, 
the  tap  was  arranged  so  as  to  enable  me  to  inhale  the  blask-damp  as 
it  issued,  without  dilution.  I  inspired  from  the  tap  and  expired 
through  the  nostrils.  The  sensation  produced  at  the  back  of  the 
mouth  was  identical  with  that  produced  by  air  containing  8  or  10  per 

•  An  abetraofc  of  the  paper  appeared  in  the  **  Times  "  of  Aug^t  18, 1891. 
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cent,  of  carbonic  acid.  There  was  no  smell  of  sulpharetted  hydrogen 
or  anj  other  gas.  Two  or  three  inspirations  were  sufficient  to  pro- 
duce marked  increase  in  the  depth  and  frequency,  of  the  respirations. 
The  hjperpncBa  rapidly  became  more  intense  and  was  accompanied 
by  palpitations.  At  the  same  time  I  was  observed  to  become  blue  in 
the  face.  Within  about  thirty  seconds  I  felt  that  I  was  becoming 
confused,  and  did  not  push  the  observations  further.  Two  or  three 
seconds  after  I  had  ceased  to  breathe  from  the  pipe  the  blueness  was 
seen  suddenly  to  disappear  from  my  face  and  lips,  and  to  be  replaced 
by  the  natural  colour. 

The  feelings  which  I  experienced  after  the  first  fifteen  or  twenty 
seconds  in  breathing  the  black-damp  were  distinctly  such  as  are  pro- 
duced by  breathing  air  very  poor  in  oxygen.  From  previous  experi- 
ments I  had  become  familiar  with  the  distinction  between  the  feelings 
produced  by  excess  of  carbonic  acid  and  those  due  to  deficiency 
of  oxygen.  The  experiment  of  breathing  the  black-damp  was  re- 
peated twice  in  order  to  leave  no  doubt.  An  analysis  of  the  black- 
damp  gfave  the  following  result : — 

Nitrogen 82*56 

Oxygen 1'45 

Carbonic  acid 10'64* 

Methane 5*35 

Total 100-00 

I  tested  part  of  the  mixture  for  carbonic  oxide  by  shaking  with  a 
.little  very  dilute  blood.  Neither  with  the  spectroscope  nor  by  the 
change  of  tint  could  1  discover  any  evidence  of  the  presence  of 
carbonic  oxide.  The  test  employed  would  have  detected  0'05  per 
cent«  The  oxygen  was  determined  by  absorption  with  alkaline  pyro- 
gallate  solution  of  the  composition  recommended  by  Hempel.  The 
methane  was  determined  by  explosion  in  a  HempeFs  explosion 
pipette,  after  the  addition  of  oxygen  and  detonating  gas.  All  the 
measurements  were  made  over  mercury.  The  gas-burette  was  a 
modification  of  that  of  Petterson. 

The  calculated  specific  gravity  of  this  mixture  is  1*0106,  or  very 
nearly  that  of  air.  The  extra  nitrogen  and  the  methane  are  both 
considerably  lighter  than  the  oxygen  which  they  replace,  and  thus 
counterbalance  the  efEect  on  the  specific  gravity  of  the  heavier 
carbonic  acid. 


*  A  second  determination  of  the  carbonic  acid  gare  exactly  the  same  result 
(10-64). 
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lAlleehall  Gollierij,  ShTopshire. 

The  part  of  the  heading  nearest  tbe  pipe  had,  at  Mr.  Atkinaon's 
request,  been  bratticed  (cartained)  off,  so  that  a  chamber  was  pro> 
Tided  in  which  tbe  black-damp  coald  be  allowed  gradaallf  to  acca* 
malate.  Tbe  heading  wan  about  3|  ft.  high.  As  the  mine  is  not  a 
fiery  one,  it  was  posHible  to  nae  naked  lights. 

The  gas  from  the  pipe  at  once  extingnished  a  candle.  On 
breathing  tbe  gas  I  fonnd  that  my  respirations  rapidly  became  deeper 
and  more  frequent,  so  that  after  a  short  time  I  was  panting  violently. 
The  panting,  however,  did  not  incresAe  beyond  a  certain  point,  and 
was  not  distinctly  accompanied  by  the  peculiar  feelinga  cbaraoter- 
iatic  of  distress  from  want  of  oxygen.  After  breathing  the  blac^- 
damp  for  two  minntes  it  seemed  to  me  that  the  distreaa  was,  if 
anything,  diminishing,  and  that  I  might  have  continued  to  breathe 
from  the  pipe  for  a  considerable  time  withont  injnry.  Tbe  panting 
was  accompanied  by  bineness  of  the  face,  which  did  not,  however, 
seem  to  Mr.  Atkinson  to  be  so  marked  as  it  was  at  the  Podmore  Pit, 
although  the  change  of  colour  when  I  ceased  to  breathe  from  the 
nipe  was  quite  distinct.  A  similar  result  was  obtained  when  the 
gas  was  breathed  by  Mr.  Richard  Warren,  who  had  accompanied 
tne. 

The  effect  of  the  black-damp  on  a  monse  was  then  observed.  The 
animal  was  placed  in  a  piece  of  wide  glass  tubing,  over  one  end  of 
which  gauze  had  been  tied.  The  end  of  this  tubing  was  then  luted 
with  clay  to  the  opening  of  the  pipe  (which  was  directed  upwards), 
and  the  gas  allowed  to  pass  through  tbe  gauze,  on  which  the  animal 
■at.  It  at  once  began  to  pant  violently,  bat  did  not  lose  power  over 
ite  limbe,  or  seem  to  became  otherwise  serionslj  affected,  alUiongh 
exposed  to  the  black-damp  for  eleven  minutes.  Tbe  panting  did  not 
increase  after  the  first  few  seconds,  and  ceased  at  once  when  tbe 
animal  was  taken^out.      It  was  in  no  way  injured  by  the  experi* 

With  Mr.  Wairen's  help  &  graphic  record  was  then  taken,  by  meaua 
of  a  Marey's  recording  stethograph,  of  the  effect  of  the  Ua^k-damp 
on  my  respirations.     The  tracing  obtained  is  reproduced  below.     An 


interval  of  two  or  three  seconds  (while  tbe  pen  was  being  aliifted) 
elapsed  between  the  end  of  the  upper  tracing  and  the  beginning  of 
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the  lower.  The  time-marker  indicates  seconds.  It  will  be  seen  that 
the  action  of  the  black-damp  became  apparent  after  two  inspirations 
and  attained  its  maximum  after  twenty  inspirations,  or  one  minnte, 
and  that  subsequentlj  the  hyperpnoea  gradually  became  somewhat 
less  marked. 

After  this  observation  the  tap  was  tamed  fall  on  and  the  brattice 
closed,  two  of  the  party  remaining  oatside  in  case  of  any  accident. 
A  sample  of  air*  taken  at  the  moment  when  the  last  light  (a  candle 
fixed  horizontally)  was  extinguished,  had  the  following  composi- 
tion : — 

Oxygen 17-06 

Carbonic  acid 2*62 

Nitrogen. 80-33 

Total 10000 

or  as  compared  with  air.f 

Diminution  in  oxygen  percentage    3*85 

Increase  in  carbonic  acid  percentage 2*59 

„  nitrogen  „  1-26 

This  composition  corresponds  to  what  would  have  been  expected 
from  previous  observations.  Thus,  in  experiments  by  Dr.  Lorrain 
Smith  and  myself  on  air  vitiated  by  respiration,^  a  match  could  no 
longer  be  lighted  when  the  air  contained  about  17*7  per  cent,  of 
oxygen  and  2*5  per  cent,  of  carbonic  acid,  or  17'4  per  cent,  of  oxygen 
and  0*4  per  cent,  of  carbonic  acid. 

About  half  an  hour  later,  Mr.  Warren's  breathing  had  become 

somewhat  deeper  than  usual,  though  my  own  was  not  distinctly 

affected.    A  sample  of  air  taken  at  this  point  had  the  following  com- 

sition : — 

Oxygen ; 15*30 

Carbonic  acid 3*38 

Nitrogen 81*32 

Total 100*00 

or  as  compared  with  air — 

Diminution  in  oxygen  percentage    5*60 

Increase  in  carbonic  acid  percentage 3*35 

„  nitrogen  „  2*25 

*  The  sample  was  taken  close  to,  and  at  the  level  of,  the  candle,  about  midway 
between  the  floor  and  the  roof.  An  upright  candle  and  a  safety  lamp  had  already 
gone  out. 

t  With  the  same  gas-burette,  used  under  the  same  conditions,  pure  air  gave 
20'90  per  cent,  of  oxygen. 

X  '  Journal  of  Pathologr  and  Bacteriology,'  1892. 


25i  Dr.  J.  Haldane.    An  Enquiry  into  tlte        [Jan.  24, 

Neither  of  ns  could  detect  any  loss  of  power,  headache,  or  any 
other  abnormality,  nor  did  we  experience  any  trace  of  after-effect  on 
coming  out  of  the  mine.  We  did  not  continue  these  observations 
further,  as  the  vitiation  was  now  evidently  proceeding  very  slowly, 
owing  to  the  slight  ventilation  through  the  brattice  cloth.  When 
this  was  lifted,  the  lights  of  the  party  outside  were  suddenly  ex- 
tinguished, so  that  the  electric  light  alone  remained ;  and  for  some 
time  it  was  impossible  to  re-light  a  candle. 

The  gas  from  the  pipe  had  the  following  composition  : — 

Oxygen 960 

Carbonic  add 7*32 

Nitrogen 83-08 

Total 100-00 

or  as  compared  with 


Diminution  in  oxygen  percentage     11-30 

Increase  in  carbonic  acid  percentage 7*29 

„  nitrogen  „         4*01 

I  could  detect  no  trace  of  carbonic  oxide,  or  of  any  gas  yielding 
carbonic  acid  on  exploding  the  mixture,  previously  freed  from 
carbonic  acid,  with  c^etonating  gas. 

The  calculated  specific  gravity  of  this  mixture  is  1*0258.  A  direct 
determination  was  also  made.  A  dry  flask  was  filled  directly  from 
the  pipe,  through  drying  tubes  containing  pumice  and  sulphuric 
acid.  The  weight  of  the  contained  mixture  at  atmospheric  pressure 
and  temperature  was  determined  as  against  the  weight  of  the  same 
volume  of  dry  air  at  the  same  pressure  and  temperature.  A  similar 
flask  was  used  as  a  counterpoise  in  both  weighings. 

The  specific  gravity  as  found  was  1'0252. 

If  we  regard  methane  and  air  as  accidental  admixtures,  and 
calculate  the  air  from  the  oxygen,  the  composition  of  the  two  speci- 
mens of  black-damp  was  as  follows :  — 

No.  1.  "So.  2. 

Methane 5*35  0*00 

roxygen 1*45  9*60 

Air^  nitrogen 5*49  36*33 

l carbonic  acid 000  0*01 

Bkck-damp  I  ^i^'^^^^  ••••••      ^^'^^  ^:^^ 

Total 10000  100-00 
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The  nndilnted  black-damp  had  thus  the  following  composition  and 
specific  gravity : — 

No.  1.  No.  2. 

Nitrogen 87-87  86*48 

Carbonic  acid 12-13  1352 

Total 100-00  100-00 

Specific  gravity 1-0390  10468 

This  composition  supports  the  view  that  black-damp  is  the 
residual  gas  left  on  slow  oxidation  of  the  carbon  and  hydrogen 
of  coal  by  air.  Supposing  that  the  black-damp  were  produced  by 
the  oxidation  of  the  carbon  and  hydrogen  which  would,  under 
other  conditions,  be  given  o£E  as  methane,  it  would  consist  of  88*30 
per  cent,  of  nitrogen  and  11-70  per  cent,  of  carbonic  acid.  This  com- 
position very  closely  approximates  to  that  actually  found  in  the  first 
specimen.  The  second  specimen  shows  a  larger  proportion  of 
carbonic  acid,  and  corresponds  to  the  oxidation  of  material  contain- 
ing about  3  atoms  of  hydrogen  tx>  one  of  carbon.  It  must  be  borne 
in  mind,  however,  that  the  coal  may  itself  supply  part  of  the  oxygen 
required  for  the  formation  of  carbonic  acid  and  water  in  the  oxida- 
tion process. 

The  physiological  action  of  black-damp  such  as  that  examined  is 
due  partly  to  its  deficiency  in  oxygen,  and  partly  to  its  carbonic  acid. 
When  mixed  in  increasing  proportions  with  air,  its  action,  as  shown 
above,  first  becomes  sensible  when  the  oxygen  is  diminished  to  about 
15  per  cent,  and  the  carbonic  acid  increased  to  about  3-5  per  cent. 
From  the  observations  previously  made  by  Hermans,  and  by  Lorrain 
Smith  and  myself,*  it  follows  that  the  hyperpncea  which  began  to 
be  produced  at  this  point  was  due  to  excess  of  carbonic  acid,  and  not  to 
deficiency  of  oxygen.  Until  the  carbonic  acid  is  increased  to  about 
7  per  cent,  the  same  inference  holds  good ;  the  effect  on  the  respiration 
is  almost  the  same  as  that  of  air  or  oxygen  containing  7  per  cent,  of 
carbonic  acid;  and  the  breathing  of  such  air  for  some  time  is 
attended  with  no  immediate  risks  to  normal  persons.  When,  how- 
ever, the  air  is  still  further  vitiated  the  deficiency  in  oxygen  begins 
to  tell  dangerously ;  and  when  the  oxygen  is  reduced  to  about  7  per 
cent,  there  is  imminent  risk  of  loss  of  sensation  and  power  over  the 
limbs.  The  danger-point  from  deficiency  of  oxygen  (about  7  per 
cent.)  is  sooner  reached  in  the  case  of  a  mixture  of  black-damp  and 
air  than  the  danger-point  from  excess  of  carbonic  acid.  The  pi*esence. 
of  the  carbonic  acid  in  black-damp  would  seem  in  reality  to  diminish 
the  risk,  since,  by  causing  panting,  it  gives  some  warning  of  the 

*  *'  The  physiological  effects  of  Air  vitiated  by  Respiration,"  *  Journal  of  Patho- 
logy and  Bacteriology,*  Oct.,  1892. 
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impeuding  real  danger  from  deficiency  of  oxygen.  Were  there  no 
carbonic  acid  in  black-damp  the  danger  would  approach  much  more 
insidiously,  as  hyperpno3a,  <&c.,are  not  cansed  by  deSciency  of  oxygen 
until  real  danger  is  imminent.  Were  black-damp  ever  carbonic  acid, 
or  chiefly  carbonic  acid,  as  commonly  supposed,  the  breathing  would 
with  increasing  proportions  certainly  be  markedly  affected  long 
before  the  point  at  which  lights  are  extinguished.*  I  have  not  been 
able  to  obtain  any  account  of  gas  met  with  in  coal  mines  and  possessing 
the  property  of  causing  marked  panting  while  at  the  same  time 
supporting  a  light.  Panting  is  not  mentioned  as  one  of  the  symp- 
toms produced  by  white-damp,  nor  has  white-damp  a  high  specific 
gravity. 

Summary  of  Gonclusions, 

1.  The  specimens  of  black-damp  consisted  when  undiluted  of 
nitrogen  containing  an  admixture  of  a  seventh  to  an  eighth  of  its 
volume  of  carbonic  acid. 

2.  Air  containing  just  sufficient  black-damp  to  extinguish  a  candle 
or  oil  lamp  produced  no  immediately  sensible  action  on  a  man.  A 
mixture  of  about  16  per  cent,  of  the  black-damp  and  84  per  cent,  of 
air  extinguished  candles  and  lamps,  whereas  a  mixture  of  about 
60  per  cent,  of  the  black  damp  and  40  per  cent,  of  air  would  be 
required  to  produce  immediate  danger  to  life. 

3.  The  dangerous  physiological  action  of  black-damp  is  due  to 
deficiency  of  oxygen,  not  to  excess  of  carbonic  acid.  The  effect  first 
appreciable  when  increasing  proportions  of  black-darap  are  breathed 
18,  however,  due  to  carbonic  acid  alone. 

In  conclusion,  I  beg  to  express  my  hearty  thanks  to  Mr.  W.  N. 
Atkinson  for  his  co-operation  in  this  investigation,  and  to  the 
managers  of  the  Podmore  and  Lilleshall  Collieries  for  their  courtesy 
in  doing  everything  possible  to  facilitate  the  work. 

Note.    Added  January  7,  1895. 

Since  writing  the  above  I  have  examined  a  specimen  of  black- 
damp  from  an  ironstone  pit  (communicating  with  a  seam  of  coal)  at 
Apedale.  A  double  analysis  of  the  sample  gave  the  following 
results : — 

No.  1.  No.  2. 

Oxygen 1007  10*09 

Carbonic  acid    764  760 

Nitrogen    82-29  8231 

Total 10000  100-00 

•  An  experiment  demonstrating  this  fact  is  described  by  Dr.  Lorrain  Smith  and 
myself.    Loc.  cif. 
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Calculated  as  above  the  composition  of  the  undiluted  black-damp 
was  thus : — 

Nitrogen 85*30 

Carbonic  acid 14*70 

This  result  differs  little  from  that  given  by  the  other  samples. 


II.  "Mathematical  Contributions  to  the  Theory  of  Evolution. 
II.  Skew  Variation  in  Homogeneous  Material."  By  Earu 
Pearson,  University  College,  London.  Communicated  by 
Professor  Henrici,  F.R.S.     Received  December  19,  1894. 

(Abstract.) 

Part  I. — Tlieoreticcd. 

In  the  deduction  of  the  normal  curve  of  fi^equency  from  the  sym^ 
metrical  point  binomial,  three  conditions  are  usually  assumed  to  be 
true: — 

(a.)  The  chances  of  any  "  contributory  cause  "  giving  its  unit  of 
deviation  in  excess  or  in  defect  are  presumed  to  be  equal. 

(&.)  The  number  of  "  contributory  causes  '*  are  supposed  to  b& 
indefinitely  great. 

(r.)  The  "contributory  causes'*  are  all  supposed  to  be  indepen- 
dent. 

(c)  amounts  to  the  assumption  of  a  binomial  form  {jp-^qY^  (a)  ta 
the  equality  of  jp  and  g,  (c)  to  the  indefinitely  great  value  of  n. 

It  is  shown  in  the  paper  that  there  is  an  important  geometrical 
relation  between  the  normal  frequency  curve 

and  the  symmetrical  point  binomial,  (i+i)**,  which  is  true  inde- 
pendently of  the  magnitude  of  n.  Thus  the  condition  (6)  is  not 
necessary  to  the  very  close  fitting  of  symmetrical  point  binomials  to 
normal  cui-ves  for  even  very  small  values  of  w,  such,  for  example,  as 
8  or  10.  This  has  been  long  recognised  in  statistical  practice  if  its 
source  has  not  been  noted. 

We  can  remove  the  condition  (a)  from  our  a  priori  limitations  by 
finding  a  curve  which  is  related  to  the  skew  binomial  {p-¥qY  in  pre- 
cisely the  same  manner  as  the  normal  curve  is  related  to  the  sym- 
metrical binomial  (i+i)**.     The  equation  to  this  curve  is 


z  =  ^o(l+|j%-^'. 
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If  at  be  the  total  frequency,  and  ftr%  the  rth  moment  of  the  frequency 
<nirye  about  its  centroid  yertical,  then  for  this  curve 

2/4,  (S;*,^— /ii) +8/tt»*  =  0. 

This  relation  mast  be  satasfied  or  nearly  satisfiied  if  a  series  of  obser- 
Tations  or  measurements  is  to  be  fitted  with  the  skew  curve,  which  is 
related  to  the  skew  point-binomial  as  the  normal  curve  to  the  sym- 
metrical point-binomial.  For  fitting  a  skew  point-binomial  we  must 
have 

For  the  normal  curve  /£«  =  3/1%,  But  a  great  number  of  statistical 
returns — especially  in  anthropometry  and  zoometry — g^ve 

Hence  they  difler  from  the  normal  curve  in  the  opposite  direction  to 
the  skew  point-binomial  and  its  corresponding  frequency  curve. 

After  the  complete  theory  of  the  fitting  of  skew  binomials  and 
this  special  skew  cnrve  has  been  discussed  with  examples,  the 
memoir  proceeds  to  the  generalisation  of  the  frequency  carve  by 
withdrawing  the  limitation  (c)  above.  Jast  as  the  synunetrical  bi- 
nomial and  normal  curves  are  illustrated  by  the  tossing  of  a  group 
of  n  coins,  and  the  skew  binomial  and  its  skew  curve  by  the  spin- 
ning of  a  group  of  n  m-sided  teetotums,  so  we  can  arrive  at  a  series 
of  curves  in  which  the  contributory  causes  are  interdependent,  by 
oonsidering  the  withdrawal  of  r  cards  from  a  pack  of  ns  cards  con- 
taining 8  suits ;  or,  again,  by  drawing  a  definite  amount  of  sand  from 
•a  vessel  containing  two  kinds  of  sand. 

For  discontinuous  series  the  solution  is  a  hypergeometrical  series. 
If  now  a  curve  be  formed  which  is  related  by  the  same  fundamental 
geometrical  relation  to  this  hypergeometrical  series  as  the  normal 
-curve  to  the  symmetrical  point-binomial,  or  the  first  skew  curve  to 
the  skew  point-binomial,  we  obtain  a  generalised  frequency  curve 
which  contains  both  those  hitherto  considered  as  special  or  limiting 
oases. 

It  is  not  suggested  that  the  hypergeometrical  series  or  its  corre- 
sponding curve  is  the  only  case  in  which  the  d  priori  condition  (c)  of 
dependence  of  "  contributory  causes  *'  is  replaced  by  an  interde- 
pendence. But  it  is  suggested  that  it  is  one  of  the  most  important 
cases,  and  one  which  naturally  occurs  at  the  commencement  of  our 
investigations.  That  it  is  probably  quite  sufficient  is  evidenced  by 
the  fact  that  the  author  has  hitherto  failed  to  find  any  group  of 
homogeneous  and  skew  statistics  which  cannot  be  closely  expressed 
hj  the  curves  which  correspond  to  the  hypergeometrical  series. 
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The  diff ereutial  equation  to  the  generalised  frequency  curve  is  shown 

to  be  of  the  form 

idz  ^  X 

If  we  put  /3s  =  0  we  have  the  curve  corresponding  to  the  skew- 
binomial  ;  if  we  put  /S,  =  /9s  =  0  we  have  the  normal  curve.  Tn  the 
most  general  case  we  are  led  to  two  principal  types  of  curves 


(i.)  ^  =  i^7 — TTinr^-y*^"'^. 


The  second  of  these  curves  is  marked  by  a  limited  range  and  skew- 
ness.  Its  theory — method  of  fitting  to  actual  statistics  and  its 
geometrical  properties — are  discussed,  and  the  curve  is  shown  to 
involve  in  fitting  only  the  use  of  a  table  of  T-functions — a  table  which 
already  exists. 

The  first  of  these  curves  has  skewness  but  no  limit  to  range.  This 
unlimitedness  of  range  is  not,  however,  necessarily  significant.  There 
is  a  limit  to  the  height  of  adult  males,  or  at  any  rate  to  the  ratio  of 
their  sitting  to  standing  height,  bnt  we  do  not  hesitate  to  express  the 
results  in  terms  of  the  normal  cnrve.  The  fact  is  that  both  normal 
carve  and  generalised  curve  are  only  close  approximations  to  series — 
point-binomial  and  point-hypergeometrical  series — which  can  them- 
selves give  a  limited  range,  and  we  ought  to  fit  these  series  rather 
than  the  curves  to  our  observations.* 

The  criterion  to  distinguish  between  the  application  to  any  special 
case  of  curves  (i)  or  (ii)  is  the  negative  or  positive  value  of 

which  we  have  seen  vanishes  for  the  curve  corresponding  to  the  skew 
point-binomial. 

The  complete  treatment  of  curves  of  the  first  kind  is  shown  to 
depend  on  a  certain  integral  called  a  G-function.  This  G-function 
has  been  discussed  in  a  recent  paper  by  Dr.  Forsyth,  to  whom  the 
author  had  referred  for  information  with  regard  to  it.  It  is  built  up 
of  r-functions  with  imaginary  arguments.  The  function  has  not  yet 
been  tabulated,  but  various  formulse  are  given  for  its  evaluation,  and 
it  is  hoped  that  its  values  may  shortly  be  calculated  for  the  range 

*  The  fitting  of  the  first  series  is  discussed  in  this  memoir ;  the  fitting  of  hyper- 
geometrical  series  is  reserved  as  the  memoir  is  already  of  oontiderable  leix^Vw. 
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of  argnments  having  more  special  practical  interest.*  The  theory  of 
the  whole  system  of  skew^curyes  and  their  limiting  cases  is  then 
discussed. 

The  author  regrets  that  while  he  has  obtained  a  criterion  for  each 
species  of  skew  curve,  he  has  hitherto  failed  to  find  one  which  will 
distinguish  a  compound  curve,  e.^.,  heterogeneous  material,  from  a 
skew  curve  resulting  from  skew  variation  in  homogeneous  matcriaL 
He  does  not  despair,  however,  of  ultimately  finding  such  a  criterion. 
The  test  of  actual  fitting  is  generally  sufficient,  but  is,  of  coarse^ 
laborious-t 

Part  II. — Illustration, 

The  second  part  of  the  memoir  provides  the  minimum  of  illustra- 
tion, which  the  author  considers  absolutely  necessary,  in  order  to* 
demonstrate  that  the  generalised  curves  reached  are  capable  of  the 
widest  apphcation  to  every  variety  of  practical  statistics.  The 
illustrations  show  that  from  the  slight  amount  of  skewness  usually 
neglected  by  statisticians — ^although  of  vital  import  when  we  come 
to  consider  variation  with  growth,  as  in  statistics  of  child-variation 
with  growth— even  to  extreme  cases  in  which  the  curve  is  asymptotic 
to  the  ordinate  of  maximum  frequency,  a  good  fitting  generalised 
frequency  curve  can  be  found.  Although  the  number  of  illustrations 
is  considerable,  and  is  only  a  part  of  the  author's  material,  yet  he 
hesitates  at  present  to  make  any  dogmatic  statements  with  regard  to 
the  relations  of  skewness  in  variation  to  secular  evolution ;  but  h& 
believes  that  the  persistent  recurrence  of  certain  types  of  curves  in 
zoometry  and  of  certain  directions  of  skewness  in  anthropometric 
statistics  will  be  found,  as  sufficient  material  accumulates,  to  justify 
broad  generalisations,  although  at  present  they  can  only  be  treated  aa 
suggestions  for  further  investigation. 

The  special  illustrations  given  are :  barometer  variation  (Venn), 
variation  in  crabs  and  prawns  (Weldon),  in  height  of  American  re- 
cruits (Baxter),  American  school  girls  (Porter),  in  length-breadth 
index  of  Bavarian  skulls  (Banke),  frequency  of  enteric  fever  (Metro- 
politan Asylums  Board),  guesses  at  tints  (Gresham  College),  divorce 
statistics  (Willcox),  variation  in  house- value  (Goschen),  variation 
in  buttercups  and  clover  (De  Vries),  variation  in  pauper  percentages 
(Booth),  and  resolution  of  the  English  male  mortality  curve  (Ogle) 
inf^  skew  components. 

The  memoir  concludes  with  some  general  remarks  on  the  modifica- 
tions required  in  the  theory  of  correlation  by  the  use  of  generalised 
carves,  but  reserves  for  the  present  its  complete  discussion. 

*  The  BritiBh  Association  hare  kindly  giren  a  grant  for  this  purpose, 
t  It  is  noteworthy  that  all  cases  of  compoundediioss  dealt  with  hitherto  by  the 
author  gire  2ft^  (3f»j'— mO  +3/*s*  positire. 
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III.  "  On  the  Distribution  of  Assimilated  Iron  Compounds, 
other  than  Heemoglobin  and  Hsematins,  in  Animal  and 
Vegetable  Cells.  Preliminary  Communication."  By  A.  B. 
Maoallum,  Associate-Professor  of  Physiology,  University 
of  Toronto.  Communicated  by  Professor  M.  Foster,  Sec. 
R.S.     Received  December  3,  1894. 

The  question  of  the  presence  of  iron  in  the  chromatin  of  animal 
^nd  vegetable  cells  and  the  methods  of  demonstrating  the  element  in 
this  substance  were  discussed  in  a  communication  to  the  Royal 
Society  made  more  than  three  years  ago.*  Since  then  I  have 
endeavoured  to  determine  with  perfected  methods  the  distribution  of 
iissimilated  iron  compounds  in  cells  of  all  classes,  and  have  succeeded 
in  obtaining  results  of  which  the  present  communication  is  an  ex- 
xseedingly  condensed  and  preliminary  account.  A  fall  account  will 
be  published  elsewhere. 

The  methods  adopted  were  such  as  prevented  a  confusion  of  the 
iron  of  inorganic  and  albuminate  combinations  with  that  of  as- 
similated compounds.  The  reagent  which  proved  to  be  of  the 
greatest  service  was  freshly  prepared  ammonium  hydrogen  sulphide 
made  from  a  solution  of  ammonia  of  0*96  specific  g^vity,  and 
applied,  mixed  with  glycerine,  to  the  isolated  cells  in  the  way 
already  described.  Sulphuric,  hydrochloric,  and  nitric  acids,  dis- 
solved in  certain  proportions  in  alcohol  of  95  per  cent,  strength, 
have  been  found  to  liberate  the  iron  of  assimilated  compounds,  but 
the  results  obtained  with  these  acids  were,  in  all  cases  where  this 
was  possible,  controlled  by  experiments  with  the  sulphide  reagent. 
The  iron  liberated  was  readily  demonstrated  in  the  form  of  ferrous 
sulphide  or  of  the  Prussian-blue  compound. 

The  fact  that  the  iron  of  coagulated  hsBmoglobin  is  unaffected  by 
ammoniam  hydrogen  sulphide  enables  one  to  overcome  the  diffi. 
culties  presented  by  the  presence  of  that  colouring  matter  in  many 
animal  forms.  The  iron  of  heematin  is,  however,  liberated  by  that 
reagent,  but  the  rapidity  with  which  this  is  done,  under  the  most 
ordinary  conditions,  may  be  employed  to  distinguish  the  iron  so 
derived  from  that  of  other  organic  compounds.  Whether  chlorophyll 
contains  iron  as  a  constituent  of  its  molecule  is  still  a  matter  of  dispute, 
but  the  presence  of  that  colouring  matter  in  vegetable  cells  does  not 
complicate  the  i*esults,  since  in  the  hardening  pi*ooesses,  especially 
when  alcohol  is  used,  it  may  be  wholly  removed  from  vegetable  tissnes, 
which  then,  so  far  as  the  distribution  of  "  masked "  iron  is  con- 

*  ''  On  the  Demonstration  of  the  Presence  of  Iron  in  Chromatin  hy  Micro- 
•chemical  Methods/'  '  Boy.  Soc.  Proc./  toL  60,  p.  277. 
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cerned,  give  no  evidence  of  anything  different  from  what  obtains  in 
Mmu)tropa  untflora  and  Gorallorhtza  multiflora — phanerogamous  plants 
destitute  of  chlorophyll. 

Some  of  the  more  important  facts  ascertained  in  the  investigation 
may  be  thus  briefly  stated : — 

1.  Iron,  firmly  combined,  is  a  constant  constituent  of  animal  and 
vegetable  chromatin.  Another  compound,  less  rich  in  iron,  is  found 
in  nucleoli. 

2.  The  chromophilous  substance  in  ferment-forming  cells  contains 
iron,  and  the  cytoplasm  of  Protozoan  organisms,  which  also  probably 
secretes  ferments,  yields  evidence  of  the  presence  of  a  firmly  combined 
iron  compound. 

3.  A  firm  compound  of  iron  is  present  in  the  chromophilous  sub- 
stance of  the  cytoplasm  of  Fungi. 

4.  Of  the  non-nucleated  organisms.  Bacteria,  owing  to  their 
minuteness,  have,  with  one  exception,  given  little  evidence  of  the 
presence  of  an  organic  iron  compound  ;  but  in  the  Gyanophycece  the 
chromophilous  portions  of  the  "  central  substance  "  contain  iron,  and 
iron  may  be  also  demonstrated  in  the  peripheral  granules  formed  of 
the  so-called  cyanophycin  (Palla). 


IV.  "  Micro-metallography  of  Iron.     Part  I."    By  Thomas 
Andrews,  F.R.S.    Received  December  15,  1894. 

[Publication  deferred.] 
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A  List  of  the  Presents  i^ceived  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  "Argon,  a  New  Constituent  of  the  Atmosphere."  By 
Lord  Rayleigh,  Sec.  R.S.,  and  Willum  Ramsay,  F.R.S., 
Professor  of  Chemistry,  University  College,  London. 
Received  January  31,  1895. 

(Abstract.) 

I.  Density  of  Nitrogen  from  Various  Sources, 

In  a  former  paper*  it  has  been  shown  that  nitrogen  extracted 
from  chemical  compounds  is  about  ^  per  cent,  lighter  than  *'  atmos- 
pheric nitrogen." 

The  mean  numbers  for  the  weights  of  gas  contained  in  the  globe 
used  were  as  follows  : — 

Grams. 

From  nifcric  oxide 2*3001 

From  nitrous  oxide 2*2990 

From  ammonium  nitrite    ......      2*2987 

*  Rayleigh,  "  On  an  Anomaly  encountered  in  Determinations  of  the  Density  of 
Nitrogen  Gas."  <  Boy.  Soo.  Proc./  toL  55,  p.  340, 1894. 
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while  for  "  atmospheric  nitrogen  "  there  waa  fonnd — 

B7  hot  copper,  1892   2-3103 

By  hot  iron,  1893   2-8100 

By  ferrous  hydrate,  1894 2*3102 

At  the  suggestion  of  Professor  Thorpe  experiments  were  subse- 
quently tried  with  nitrogen  liberated  from  urea  by  the  action  of 
sodium  hypobromite.  The  hypobromite  was  prepared  from  com- 
mercial materials  in  the  proportions  recommended  for  the  analysis 
of  urea.  The  reaction  was  well  under  control,  and  the  gas  could 
be  liberated  as  slowly  as  desired. 

In  the  first  experiment  the  gas  was  submitted  to  no  other  treat- 
ment than  slow  passage  through  potash  and  phosphoric  anhydride, 
but  it  soon  became  apparent  that  the  nitrogen  was  contaminated. 
The  "  inert  and  inodorous  "  gas  attacked  vigorously  the  mercury  of 
the  Topler  pump,  and  was  described  as  smelling  like  a  dead  rat.  As 
to  the  weight,  it  proved  to  be  in  excess  even  of  the  weight  of  atmos- 
pheric nitrogen. 

The  corrosion  of  the  mercury  and  the  evil  smell  were  in  great 
degree  obviated  by  passing  the  gas  over  hot  metals.  For  the  fillings 
of  June  6,  9,  and  13  the  gas  passed  through  a  short  length  of  tube 
containing  copper  in  the  form  of  fine  wire  heated  by  a  flat  Bunsen 
burner,  then  through  the  furnace  over  red-hot  iron,  and  back  over 
copper  oxide.  On  June  19  the  furnace  tubes  were  omitted,  the  gas 
being  treated  with  the  red-hot  copper  only.  The  mean  result,  in- 
duced so  as  to  correspond  with  those  above  quoted,  is  2*2985. 

Without  using  heat,  it  has  not  been  found  possible  to  prevent  the 
corrosion  of  the  mercury.  Even  when  no  urea  is  employed,  and  air 
simply  bubbled  through  the  hypobromite  solution  is  allowed  to  pass 
with  constant  shaking  over  mercury  contained  in  a  JJ  tube,  the  sur- 
face of  the  metal  was  soon  fouled. 

Although  the  results  relating  to  urea  nitrogen  are  interesting  for 
comparison  with  that  obtained  from  other  nitrogen  compounds,  the 
original  object  was  not  attained  on  account  of  the  necessity  of  retain- 
ing the  treatment  with  hot  metals.  We  have  found,  however,  that 
nitrogen  from  ammonium  nitrite  may  be  prepared  without  the  em- 
ployment of  hot  tubes,  whose  weight  agrees  with  that  above  quoted. 
It  is  true  that  the  gas  smells  slightly  of  ammonia,  easily  removable 
by  sulphuric  acid,  and  apparently  also  of  oxides  of  nitrogen.  The 
mean  result  from  three  fillings  is  2*2987. 

It  will  bo  seen  that,  in  spite  of  the  slight  nitrous  smell,  there  is  no 
appreciable  difference  in  the  densities  of  gas  prepared  from  ammonium 
nitrite  with  and  without  the  treatment  by  hot  metals.  The  result  is 
interesting  as  showing  that  the  agreement  of  numbers  obtained  for 


1895.]         Argon,  a  new  Constituent  of  the  Atmosphere.  267 

chemical  ritrogen  does  not  depend  upon  the  use  of  a  red  heat  in  the 
process  of  purification. 

The  five  results  obtained  in  more  or  less  distinct  ways  for  chemical 
nitrogen  ptand  thus  : — 

From  nitric  oxide 2-3001 

From  nitrous  oxide 22990 

From  ammonium  nitrite  purified  at  a  red  heat  2*2987 

From  urea    2*2985 

From  ammonium  nitrite  purified  in  the  cold  . .  2*2P87 

Mean 2*2990 

These  numbers,  as  well  as  those  above  quoted  for  "  atmospheric 
nitrogen/*  are  subject  to  a  deduction  of  0*0006  for  the  shrinkage  of 
the  globe  when  exhausted.*  If  they  are  then  multiplied  in  the  ratio 
of  2*3108  :  1*2572,  they  will  express  the  weights  of  the  gas  in  grams 
per  litre.  Thus,  as  regards  the  mean  numbers,  we  find  as  the  weight 
per  litre  under  standard  conditions  of  chemical  nitrogen  1*2505,  that 
of  atmospheric  nitrogen  being  1*2572. 

It  is  of  interest  to  compare  the  density  of  nitrogen  obtained  from 
chemical  compounds  with  that  of  oxygen.  We  have  N2  :  O2  = 
2*2984  :  2*6276  =  0*87471 ;  so  that  if  O,  =  16,  N,  =  13-9954.  Thus, 
when  the  comparison  is  with  chemical  nitrogen,  the  ratio  is  very, 
nearly  that  of  16  :  14  ;  but  if  **  atmospheric  nitrogen  '*  be  substituted, 
the  ratio  of  small  integers  is  widely  departed  from. 

To  the  above  list  may  be  added  nitrogen  prepared  in  yet  another 
manner,  whose  weight  has  been  determined  subsequently  to  the  isola- 
tion of  the  new  dense  constituent  of  the  atmosphere.  In  this  case 
nitrogen  was  actually  extracted  from  air  by  means  of  magnesium. 
The  nitrogen  thus  separated  was  then  converted  into  ammonia  by 
action  of  water  upon  the  magnesium  nitride  and  afterwards  liberated 
in  the  free  state  by  means  of  calcium  hypochlorite.  The  purification 
was  conducted  in  the  usual  way,  and  included  passage  over  red-hot 
copper  and  copper  oxide.     The  following  was  the  result : — 

Globe  empty,  Oct.  30,  Nov.  5 2*82313 

Globe  full,  Oct.  31    0*52395 

Weight  of  gas   2-29918 

It  differs  inappreciably  from  the  mean  of  other  results,  viz., 
2*2990,  and  is  of  special  interest  as  relating  to  gas  which  at  one  stage 
of  its  history  formed  part  of  the  atmosphere. 

Another  determination,  with  a  different  apparatus,  of  the  density 

•  Bayleigl^  "  On  the  Densities  of  the  Principal  Gkues/'  *  Roy.  Soc.  Proc.,*  vol.  53, 
p.  134, 1893. 
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of  ^*  chemical  '*  nitrogen  from  the  same  soarce,  magnesium  nitride, 
which  had  been  prepared  by  passing  "  atmospheric  "  nitrogen  over 
ignited  magnesium,  may  here  be  recorded.  The  sample  differed  from 
that  previously  mentioned,  inasmuch  as  it  had  not  been  subjected  to 
treatment  with  red-hot  copper.  After  treating  the  nitride  with  water, 
the  resulting  ammonia  was  distilled  off,  and  collected  in  hydrochloric 
acid;  the  solution  was  evaporated  by  degrees,  the  dry  ammonium 
chloride  was  dissolved  in  water,  and  its  concentrated  solution  added 
to  a  freshly-prepared  solution  of  sodium  hypobromite.  The  nitrogen 
was  collected  in  a  gas-holder  over  water  which  had  previously  been 
boiled,  so  as,  at  all  events  partially,  to  expel  air.  The  nitrogen 
passed  into  the  vacuous  globe  through  a  solution  of  potassium  hydr- 
oxide, and  through  two  drying- tubes,  one  containing' soda-lime,  and 
the  other  phosphoric  anhydride. 

At  18'38**  C.  and  754*4  mm.  pressure,  162*843  c.c.  of  this  nitrogen 
weighed  0' 18963  gram.     Hence, 

Weight  of  1  litre  at  0**  C.  and  760  mm.  pressure  =  1*2521  gram. 

The  mean  reflult  of  the  weight  of  1  litre  of  **  chemical "  nitrogen 
has  been  found  to  equal  1*2505.  It  is  therefore  seen  that  ^*  chemical  '* 
nitrogen,  derived  from  "  atmospheric  **  nitrogen,  without  any  exposure 
to  red-hot  copper,  possesses  about*tho  usual  density. 

Experiments  were  also  made,  which  had  for  their  object  to  prove 
that  the  ammonia  produced  from  the  magnesium  nitride  is  identical 
with  ordinary  ammonia,  and  contains  no  other  compound  of  a  basic 
character.  For  this  purpose  the  ammonia  was  converted  into 
ammonium  chloride,  and  the  percentage  of  chlorine  det.ermined  by 
titration  with  a  solution  of  silver  nitrate  which  had  been  standardised 
by  titrating  a  specimen  of  pure  sublimed  ammonium  chloride.  The 
silver  solution  was  of  such  a  strength  that  1  c.c.  precipitated  the 
chlorine  from  0*001701  gram  of  ammonium  chloride. 

1.  Ammonium  chloride  from  oi*ange-coloured  sample  of  magnesium 
nitride  contained  66*35  per  cent,  of  chlorine. 

2.  Ammonium  chloride  from  blackish  magnesium  nitride  contained 
66*35  per  cent,  of  chlorine. 

3.  Ammonium  chloride  from  nitride  containing  a  large  amount  of 
unattacked  magnesium  contained  66*30  per  cent,  of  chlorine. 

Taking  for  the  atomic  weights  of  hydrogen  H  =  1*0032,  of  nitrogen 
N  =  14*04,  and  of  chlorine  01  =  35*46,  the  theoretical  amount  of 
chlorine  in  ammonium  chloride  is  66*27  per  cent. 

From  these  results — that  nitrogen  prepared  from  magnesium 
nitride,  obtained  by  passing  "atmospheric**  nitrogen  over  red-hot 
magnesium  has  the  density  of  "  chemical  *'  nitrogen,  and  that 
ammonium  chloride,  prepared  from  magnesium  nitride,  contains 
practically  the  same  percentage  of  chlorine  as  pure  ammonium  chlo- 
ride— it  may  be  concluded  that  red-hot  magnesium  withdraws  from 
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**  atmospberic  nitrogen  "  no  substance  other  tban  nitrogen  capable  of 
forming  a  basic  componnd  with  hydrogen. 

II.  Reasons  for  suspecting  a  hitherto  Undiscovered  Constituent  in  Air, 

When  the  discrepancy  of  weights  was  first  encountered,  attempts 
were  naturally  made  to  explain  it  by  contamination  with  known 
impurities.  Of  these  the  most  likely  appeared  to  be  hydrogen, 
present  in  the  lighter  gas  in  spite  of  the  passage  over  red-hot  capric 
oxide.  But  inasmuch  as  the  intentional  introduction  of  hydrogen 
into  the  heavier  gas,  afterwards  treated  in  the  same  way  with  cupric 
oxide,  had  no  effect  upon  its  weight,  this  explanation  had  to  be 
abandoned,  and  finally  it  became  clear  that  the  difference  could  not 
be  accounted  for  by  the  presence  of  any  known  impurity.  At  this 
stag:e  it  seemed  not  improbable  that  the  lightness  of  the  gas  ex- 
tracted from  chemical  compounds  was  to  be  explained  by  partial 
dissociation  of  nitrogen  molecules  Na  into  detached  atoms.  In  order 
to  test  this  suggestion  both  kinds  of  gas  were  submitted  to  the  action 
of  the  silent  electric  discharge,  with  the  result  that  both  retained 
their  weights  unaltered.  This  was  discouraging,  and  a  further  ex- 
periment pointed  still  more  markedly  in  the  negative  direction.  The 
chemical  behaviour  of  nitrogen  is  such  as  to  suggest  that  dissociated 
atoms  would  possess  a  high  degree  of  activity^  and  that  even,  though 
they  might  be  formed  in  the  first  instance  their  life  would  probably 
be  short.  On  standing  they  might  be  expected  to  disappear,,  in 
partial  analogy  with  the  known  behaviour  of  ozone.  With  this  idea 
in  view,  a  sample  of  chemically  prepared  nitrogen  was  stored  for 
eight  months.  Bat  at  the  end  of  this  time  the  density  showed  no 
sign  of  increase,  remaining  exactly  as  at  first.* 

Regarding  it  as  established  that  one  or  other  of  the  gases  must  be 
a  mixture,  containing,  as  the  case  might  be,  an  ingredient  much 
heavier  or  much  lighter  than  ordinary  nitrogen,  we  had  to  consider 
the  relative  probabilities  of  the  various  possible  interpretations. 
Except  upon  the  already  discredited  hypothesis  of  dissociation,  it 
was  difficult  to  see  how  the  gas  of  chemical  origin  could  be  a  mixture. 
To  suppose  this  would  be  to  admit  two  kinds  of  nitric  acid,  hardly 
reconcilable  with  the  work  of  Stas  and  others  upon  the  atomic 
weight  of  that  substance.  The  simplest  explanation  in  many  respects 
was  to  admit  the  existence  of  a  second  ingredient  in  air  from  which 
oxygen,  moisture,  and  carbonic  anhydride  had  already  been  removed. 
The  proportional  amount  required  was  not  great.  If  the  density  of 
the  supposed  gas  were  double  that  of  nitrogen,  ^  per  cent,  only  by 
volume  would  be  needed ;  or  if  the  density  were  but  half  as  much 
again  as  that  of  nitrogen,  then  1  per  cent,  would  still  suffice.     But  in 


•  ( 


Roy.  Soc.  Proc.,*  toI.  55,  p.  344, 1894. 


270  Lord  Rayleigh  and  Prof.  Ramsay.  [Jan.  31, 

nccepting  ibis  explanation,  even  provisionally,  we  had  to  face  the 
improbability  that  a  gas  surronnding  ns  on  all  sides,  and  present  in 
enormous  quantities,  could  have  remained  so  long  unsuspected. 

The  method  of  most  universal  application  by  which  to  test  whether 
a  gas  is  pare  or  a  mixture  of  components  of  different  densities  is  that 
of  difpQsion.  By  this  means  Graham  succeeded  in  effecting  a  partial 
separation  of  the  nitrogen  and  oxygen  of  the  air,  in  spite  of  the  com- 
paratively small  difference  of  densities.  If  the  atmosphere  contain 
an  unknown  gas  of  anything  like  the  density  supposed,  it  should  be 
possible  to  prove  the  fact  by  operations  conducted  upon  air  which  had 
undergone  atmolysis.  This  experiment,  although  in  view  from  tbe 
first,  was  not  executed  until  a  later  stage  of  the  inquiry  (§  VI),  when 
results  were  obtained  sufficient  of  themselves  to  prove  that  the  atmos- 
phere contains  a  previously  unknown  gas. 

But  although  the  method  of  diffusion  was  capable  of  deciding  the 
main,  or  at  any  rate  the  first  question,  it  held  out  no  prospect  of 
isolating  the  new  constituent  of  the  atmosphere,  and  we,  therefore, 
turned  our  attention  in  the  first  instance  to  the  consideration  of 
methods  more  strictly  chemical.  And  here  the  question  forced  itself 
upon  us  as  to  what  really  was  the  evidence  in  favour  of  the  prevalent 
doctrine  that  the  inert  residue  from  air  after  withdrawal  of  oxygen, 
water,  and  carbonic  anhydride,  is  all  of  one  kind. 

The  identification  of  "  phlogisticated  air  '*  with  the  constituent  of 
nitric  acid  is  due  to  Cavendish,  whose  method  consisted  in  operating 
with  electric  sparks  upon  a  short  column  of  gas  confined  with  potash 
over  mercury  at  the  upper  end  of  an  inverted  [J  tube.* 

Attempts  to  repeat  Cavendish's  experiment  in  Cavendish's  manner 
have  only  increased  the  admiration  with  which  we  regard  this  won- 
derful investigation.  Working  on  almost  microscopical  quantities  of 
material,  and  by  operations  extending  over  days  and  weeks,  he  thus 
established  one  of  the  most  important  facts  in  chemistiy.  And  what 
is  still  more  to  the  purpose,  he  raises  as  distinctly  as  we  could  do,  and 
to  a  certain  extent  resolves,  the  question  above  suggested.  The 
passage  is  so  important  that  it  will  be  desirable  to  quote  it  at  fbll 
length. 

**  As  far  as  the  experiments  hitherto  published  extend,  we  scarcely 
know  more  of  the  phlogisticated  part  of  our  atmosphere,  than  that  ir. 
is  not  diminished  by  lime-water,  caustic  alkalies,  or  nitrous  air  ;  that 
it  is  unfit  to  support  fire,  or  maintain  life  in  animals ;  and  that  its 
specific  gravity  is  ncft  much  less  than  that  of  common  air  :  so  that 
though  the  nitrous  acid,  by  being  united  to  phlogi8ton,t  is  converted 
into  air  possessed  of  these  properties,  and  consequently,  though  it 

•  "  Experiments  on  Air,"  *  Phil.  Trans.,'  vol.  76,  p.  372, 1785. 
t  /.«.,  deprived  of  oxygen.     **  Phlogisticated  air  "  =  nitrogen  ,    "  depblogisti- 
gotcd  air  *'  =  oxygen. 
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was  reasonable  to  suppose,  that  part  at  least  of  the  phlogisticated  air 
of  the  atmosphere  consists  of  this  aoid  united  to  phlogiston,  yet  it 
was  fairly  to  be  doubted  whether  the  whole  is  of  this  kind,  or 
whether  there  are  not  in  reality  many  different  substances  com- 
pounded together  by  us  under  the  name  of  phlogisticated  air.  I 
therefore  made  an  experiment  to  determine  whether  the  whole  of  a 
given  portion  of  the  phlogisticated  air  of  the  atmosphere  could  be 
reduced  to  nitrons  acid,  or  whether  there  was  not  a  part  of  a  different 
nature  to  the  rest,  which  would  refuse  to  undergo  that  change.  The 
foregoing  experiments  indeed  in  some  measure  decided  this  point,  as 
much  the  greatest  part  of  the  air  let  up  into  the  tube  lost  its  elas- 
ticity; yet  as  some  remained  unabsorbed  it  did  not  appear  for  certain 
whether  that  was  of  the  same  nature  as  the  rest  or  not.  For  this 
purpose  I  diminished  a  similar  mixture  of  dephlogisticated  and 
common  air,  in  the  same  manner  as  before,  till  it  was  reduced  to  a 
small  part  of  its  original  bulk.  I  then,  in  order  to  decompound  as 
much  as  I  could  of  the  phlogisticated  air  which  remained  in  the  tube, 
added  some  dephlogisticated  air  to  it,  and  continued  the  spark  until 
no  further  diminution  took  place.  Having  by  these  means  condensed 
as  much  as  I  could  of  the  phlog^ticated  air,  I  let  up  some  solution 
of  liver  of  sulphur  to  absorb  the  dephlogisticated  air ;  after  which 
only  a  small  bubble  of  air  remained  unabsorbed,  which  certainly  was 
not  more  than  y^^  of  the  bulk  of  the  phlogisticated  air  let  up  into 
the  tube  ;  so  that  if  there  is  any  part  of  the  phlogisticated  air  of  our 
atmosphere  which  differs  from  the  rest,  and  cannot  be  reduced  to 
nitrous  acid,  we  may  safely  conclude  that  it  is  not  more  than  rf^th 
part  of  the  whole." 

Although  Cavendish  was  satisfied  with  his  result,  and  does  not 
decide  whether  the  small  residue  was  genuine,  our  experiments  about 
to  be  related  render  it  not  improbable  that  his  residue  was  really  of  a 
different  kind  from  the  main  bulk  of  the  *'  phlogisticated  air,*'  and 
contained  the  gas  now  called  argon. 

Cavendish  gives  data*  from  which  it  is  possible  to  determine 
the  rate  of  absorption  of  the  mixed  gases  in  his  experiment.  This 
was  about  I  c.c.  per  hour,  of  which  two-fifths  would  be  nitrogen. 

III.  Methods  of  Causing  Free  Nitrogen  to  Combine, 

To  eliminate  nitrogen  from  air,  in  order  to  ascertain  whether  any 
other  gas  could  be  detected,  involves  the  use  of  some  absorbent.  The 
elements  which  have  been  found  to  combine  directly  with  nitrogen 
are  :  boron,  silicon,  titanium,  lithium,  strontium,  barium,  magnesium, 
aluminium,  mercury,  and,  under  the  influence  of  an  electric  discharge, 
hydrogen  in   presence  of  acid,   and  oxygen  in  presence   of   alkali. 

•  •  PhiL  Tram.,*  voL  78,  p.  271, 1788. 
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Besides  these,  a  mixture  of  barium  carbonate  and  carbon  at  a  high 
temperature  is  known  to  be  effective.  Of  those  tried,  magnesium  in 
the  form  of  turnings  was  found  to  be  the  best.  When  nitrogen 
is  passed  over  magnesium,  heated  in  a  tnbe  of  hard  glass  to  bright 
redness,  combustion  with  incandescence  begins  at  the  end  of  the  tube 
through  which  the  gas  is  introduced,  and  proceeds  regularly  until 
all  the  metal  has  been  converted  into  nitride.  Between  7  and  8  litres 
of  nitrogen  can  be  absorbed  in  a  single  tube;  the  nitride  formed  is  a 
porous,  dirtj  orange-coloured  substance. 

rV.  Early  Ea^enments  on  Sparking  Nitrogen  with  Oxygen  in 

presence  of  Alkali, 

In  our  earliest  attempts  to  isolate  the  suspected  gas  by  the  method 
of  Cavendish,  we  used  a  Buhmkorff  coil  of  medium  size  actuated  by 
a  battery  of  five  Grove  cells.  The  gases  were  contained  in  a  test- 
tube  standing  over  a  large  quantity  of  weak  alkali,  and  the  current 
was  conveyed  in  wires  insulated  by  (J -shaped  glass  tubes  passin^^ 
through  the  liquid  round  the  mouth  of  the  test-tube.  With  the  given 
battery  and  coil  a  somewhat  short  spark  or  arc  of  about  5  mm.  was 
found  to  be  more  favourable  than  a  longer  one.  When  the  mixed 
gases  were  in  the  right  proportion  the  rate  of  absorption  was  about 
30  c.c.  per  hour,  or  thirty  times  as  fast  as  Cavendish  could  work  with 
the  electrical  machine  of  bis  day. 

To  take  an  example,  one  experiment  of  this  kind  started  with 
50  c.c.  of  air.  To  this  oxygen  was  gradually  added  until,  oxygen 
being  in  excess,  there  was  no  perceptible  contraction  during  an  hour's 
sparking.  The  remaining  gas  was  then  transferred  at  the  pneumatic 
trough  to  a  small  measuring  vessel,  sealed  by  mercury,  in  which  the 
volume  was  found  to  be  1*0  c.c.  On  treatment  with  alkaline  pyro- 
gallate,  the  gas  shrank  to  0*32  c.c.  That  this  small  residue  could 
not  be  nitrogen  was  argued  from  the  fact  that  it  had  withstood  the 
prolonged  action  of  the  spurk,  although  mixed  with  oxygen  in  nearly 
the  most  favourable  proportion. 

The  residue  was  then  transferred  to  the  test-tube  with  an  addition 
of  another  50  c.c.  of  air,  and  the  whole  worked  up  with  oxygen  as 
before.  The  residue  was  now  2'2  c.c,  and,  after  removal  of  oxygen, 
076  c.c. 

Although  it  seemed  almost  impossible  that  these  residues  could  be 
either  nitrogen  or  hydrogen,  some  anxiety  was  not  unnatural,  seeing 
that  the  final  sparking  took  place  under  somewhat  abnormal  condi- 
tions. The  space  was  very  restricted,  and  the  temperature  (and  with 
it  the  proportion  of  aqueous  vapour)  was  unduly  high.  But  any 
doubts  that  were  felt  upon  this  score  were  removed  by  comparison 
experiments  in  which  the  whole  quantity  of  air  operated  on  was  very 
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small.  Thus,  when  a  mixture  of  5  c.c.  of  air  with  7  c.c.  of  oxygen 
was  sparked  for  IJ  hours,  the  residue  was  0*47  c.c,  and  after  removal 
of  oxygen  0*06  c.c.  Several  repetitions  having  given  similar  results, 
it  became  clear  that  the  final  residue  did  not  depend  upon  anything 
that  might  happen  when  spaf  ks  passed  through  a  greatly  reduced 
volume,  hut  was  in  proportion  to  the  amount  of  air  operated  upon. 

No  satisfactory  examination  of  the  residue  which  refused  to  be 
oxidised  could  be  made  without  the  accumulation  of  a  larger  quantity. 
This,  however,  was  difficult  of  attainment  at  the  time  in  question. 
It  was  thought  that  the  cause  probably  lay  in  the  solubility  of  the  gas 
in  water,  a  suspicion  since  confirmed.  At  length,  however,  a  suffi- 
ciency was  collected  to  allow  of  sparking  in  a  specially  constructed 
tube,  when  a  comparison  with  the  air  spectrum,  taken  under  similar 
conditions,  proved  that,  at  any  rate,  the  gas  was  not  nitrogen.  At 
first  scarcely  a  trace  of  the  principal  nitrogen. lines  coald  be  seen,  but 
after  standing  over  water  for  an  hour  or  two  these  lines  became 
apparent. 


V.  Early  Experiments  on  Withdrawal  of  Nitrogen  from  Air  hy  means 

of  Bed-hot  Magnesium, 

A  preliminary  experiment  carried  out  by  Mr.  Percy  Williams  on 
the  absorption  of  atmospheric  nitrogen,  freed  from  oxygen  by  means 
of  red-hot  copper,  in  which  the  gas  was  not  passed  over,  but  simply 
allowed  to  remain  in  contact  with  the  metal,  gave  a  residue  of  density 
14'88.  This  result,  although  not  conclusive,  was  encouraging ;  and 
an  attempt  was  made,  on  a  larger  scale,  by  passing  atmospheric 
nitrogen  backwards  and  forwards  over  red-hot  magnesium  from  one 
large  gas-holder  to  another  to  obtain  a  considerable  quantity  of  the 
heavier  gas.  In  the  course  of  ten  days,  about  1500  c.c.  were  collected 
and  transferred  gradually  to  a  mercury  gas-holder,  from  which  the 
gas  was  passed  over  soda-lime,  phosphoric  anhydride,  magnesium  at 
a  red  heat,  copper  oxide,  soda-lime,  and  phosphoric  anhydride  into 
a  second  mercury  gas-holder.  After  some  days  the  gas  was  reduced 
in  volnme  to  about  200  c.c,  and  its  density  was  found  to  be  16*1. 
After  further  absorption,  in  which  the  volume  was  still  further  re- 
duced, the  density  of  the  residue  was  increased  to  19*09. 

On  passing  sparks  for  several  hours  through  a  mixtnre  of  a  small 
quantity'  of  this  gas  with  oxygen,  its  volume  was  still  further  reduced. 
Assuminpf  that  this  reduction  was  due  to  the  further  elimination  of 
nitrogen,  the  density  of  the  remaining  gas  was  calculated  to  be  20*0. 

The  spectrum  of  the  gas  of  density  19*09,  though  showing  nitrogen 
bands,  showed  many  other  lines  which  were  not  recognisable  as 
belonging  to  any  known  element. 
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VI.  Froof  of  the  Presence  of  Argon  in  Air  by  means  of  Atmolysis. 

It  has  already  (§  II)  been  saggested  that  if  *'  atmospheric  nitrogen** 
eon  tains  two  gases  of  difPerent  densities,  it  should  be  possible  to 
obtain  direct  evidence  of  the  fact  by  the  method  of  atmolysis.  The 
present  section  contains  an  account  of  carefully  cond acted  experi- 
ments directed  to  this  end. 

The  atmolyser  was  prepai^ed  (after  Orahara)  by  combining  a  num- 
ber of  "  churchwarden  **  tobacco  pipes.  At  first  twelve  pipes  were 
used  in  three  groups,  each  group  including  four  pipes  connected  in 
series.  The  three  groups  were  then  connected  in  parallel,  and  placed 
in  a  large  glass  tube  closed  in  such  a  way  that  a  partial  vacuum 
could  be  maintained  in  the  space  outside  the  pipes  by  a  water 
pump.  One  end  of  the  combination  of  pipes  was  open  to  the 
atmosphere ;  the  other  end  was  connected  to  a  bottle  aspirator,  in- 
itially full  of  water,  and  so  arranged  as  to  draw  aboat  2  per  cent, 
of  the  air  which  entered  the  other  end  of  the  pipes.  The  gas  col- 
lected was  thns  a  very  small  proportion  of  that  which  leaked 
through  the  pores  of  the  pipes,  and  should  be  relatively  rich  in 
the  heavier  constituents  of  the  atmosphere.  The  flow  of  water 
from  the  aspirator  conld  not  be  maintained  very  constant,  but  the 
rate  of  2  per  cent,  was  never  much  exceeded. 

The  air  thus  obtained  was  treated  exactly  as  ordinary  air  had 
been  treated  in  determinations  of  the  density  of  atmospheric  nitro- 
gen. Oxygen  was  removed  by  red- hot  copper,  followed  by  capric 
oxide,  ammonia  by  sulphuric  acid,  moisture  and  carbonic  acid  by 
potash  and  phosphoric  anhydride. 

In  a  total  weight  of  approximately  2*3  grams  the  exqess  of  weight 
of  the  diffused  nitrogen  over  ordinary  atmospheric  nitrogen  was  in 
four  experiments,  00049,  0001 4,  0*0027,  00015. 

The  mean  excess  of  the  four  determinations  is  0*00262  gram,  or, 
if  we  omit  the  first,  which  depended  upon  a  vacuum  weighing  of  two 
months  old,  000187  gram. 

The  gas  from  prepared  air  was  thus  in  every  case  denser  than 
from  unprepared  air,  and  to  an  extent  much  beyond  the  possible 
errors  of  experiment.  The  excess  was,  however,  less  than  had  been 
expected,  and  it  was  thought  that  the  arrangement  of  the  pipes 
could  be  improved.  The  final  delivery  of  gas  from  each  of  the 
groups  in  parallel  being  so  small  in  comparison  with  the  whole 
streams  concerned,  it  seemed  possible  that  each  group  was  not  con- 
tributing its  proper  share,  and  even  that  there  might  be  a  flow  in 
the  wrong  direction  at  the  delivery  end  of  one  or  two  of  them.  To 
meet  this  objection,  the  arrangement  in  parallel  had  to  be  abandoned, 
and  for  the  remaining  experiments  eight  pipes  were  connected  in 
simple  series.     The  porous  sui'face  in  operation  was  thus  reduced. 
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hot  this  was  partly  compensated  for  bj  an  improved  vacaam.  Two 
experiments  were  made  under  the  new  conditions,  in  wliich  the  excess 
was  I,  00037 ;  II,  00033. 

The  excess  being  larger  than  before  is  doubtless  due  to  the  greater 
efficiency  of  the  atmolysing  apparatus.  It  should  be  mentioned  that 
the  above  recorded  experiments  inclnde  all  that  have  been  tried,  and 
the  conclusion  seems  inevitable  that  "atmospheric  nitrogen"  is  a 
mixture,  and  not  a  simple  body. 

It  was  hoped  that  the  concentration  of  the  heavier  constituent 
would  be  sufficient  to  facilitate  its  preparation  in  a  pure  state  by 
the  use  of  prepared  air  in  substitution  for  ordinary  air  in  the 
oxygen  apparatus.  The  advance  of  3^  milligrams  on  the  11  milli- 
grams, by  which  atmospheric  nitrogen  is  heavier  than  chemical 
nitrogen,  is  indeed  not  to  be  despised,  and  the  use  of  prepared  air 
would  be  convenient  if  the  diffusion  apparatus  could  be  set  up  on 
a  large  scale  and  be  made  thoroughly  self-acting. 

VII.  Negative  Experiments  to  prove  that  Argon  is  not  derived  f'iom 

Nitrogen  from  Chemical  Sources. 

Although  the  evidence  of  the  existence  of  argon  in  the  atmosphere, 
derived  from  the  comparison  of  densities  of  atmospheric  and  chemical 
nitrogen  and  from  the  diffusion  experiments  (§  VI),  appeared  over- 
whelming, we  have  thought  it  undesirable  to  shrink  from  any  labour 
that  would  tend  to  complete  the  verification.  Witb  this  object  in 
view,  an  experiment  was  undertaken  and  carried  to  a  conclusion  on 
November  13,  in  which  3  litres  of  chemical  nitrogen,  prepared  from 
lunmonium  nitrite,  were  treated  with  oxygen  in  precisely  the  manner 
in  which  atmospheric  nitrogen  had  been  found  to  yield  a  residue  of 
argon.  The  gas  remaining  at  the  close  of  the  large  scale  opera- 
tions was  worked  up  as  usual  with  battery  and  coil  until  the  spec- 
trum showed  only  slight  traces  of  the  nitrogen  lines.  When  cold, 
the  residue  measured  4  c.c.  This  was  transferred,  and  after  treat- 
ment with  alkaline  pyrogallate  to  remove  oxygen  measured  3*3  c.c. 
If  atmospheric  nitrogen  had  been  employed,  the  final  residue  should 
liave  been  about  30  c.c.  Of  the  3*3  c.c.  actually  left,  a  part  is 
accounted  for  by  an  accident,  and  the  result  of  the  experiment  is  to 
show  that  argon  is  not  formed  by  sparking  a  mixture  of  oxygen 
and  chemical  nitrogen. 

In  a  second  experiment  of  the  same  kind  5660  c.c.  of  nitrogen 
from  ammonium  nitrite  was  treated  with  oxygen.  The  final  residue 
was  3*5  c.c,  and  was  found  to  consist  mainly  of  argon. 

The  source  of  the  residual  argon  is  to  be  sought  in  the  water 
used  for  the  manipulation  of  the  large  quantities  of  gas  (6  litres  of 
nitrogen  and  II  litres  of  oxygen)  employed.     Wben  carbonic  acid 
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was  collected  in  a  similar  manner  and  snbseqnentlj  absorbed  by 
potash,  it  was  foand  to  have  acquired  a  contamination  consistent 
with  this  explanation. 

Negative  experiments  were  also  carried  out,  absorbing  nitrogen  by 
means  of  magnesium.  In  one  instance  3  litres  of  nitrogen  prepared 
from  ammonium  chloride  and  bleaching- powder  was  reduced  in 
volume  to  4*5  c.c,  and  on  sparking  with  oxygen  its  volume  was 
further  reduced  to  about  3  c.c.  The  residue  appeared  to  consist  of 
argon.  Another  experiment,  in  which  15  litres  of  nitrogen  from 
ammonium  nitrite  was  absorbed,  gave  a  final  residue  of  3*5  c.c. 
Atmospheric  nitrogen,  in  the  latter  case,  would  have  yielded  150  c.c, 
hence  less  than  V^th  of  the  normal  quantity  was  obtained.  It 
should  be  mentioned  that  leakage  occurred  at  one  stage,  by  which 
perhaps  200  c.c.  of  air  entered  the  apparatus  ;  and,  besides,  the  nitro- 
gen was  collected  over  water  from  which  it  doubtless  acquired  some 
argon.  Quantitative  negative  experiments  of  this  nature  are  exceed- 
ingly difficult,  and  require  a  long  time  to  carry  them  to  a  successful 
conclusion. 


VIII.  Separation  of  Argon  on  a  Large  Scale, 

To  prepare  argon  on  a  large  scale,  air  is  freed  from  oxygen  by  means 
of  red-hot  copper.  The  residue  is  then  passed  from  a  gas-holder 
through  a  combustion- tube,  heated  in  a  furnace,  and  containing 
copper,  in  order  to  remove  all  traces  of  oxygen ;  the  issuing  gas  is 
then  dried  by  passage  over  soda-lime  and  phosphorus  pentoxide, 
after  passage  through  a  small  \J  tube  containing  sulphuric  acid,  to 
indicate  the  rate  of  flow.  It  then  enters  a  combustion -tube  packed 
tightly  with  magnesium  turnings,  and  heated  to  redness  in  a  second 
furnace.  From  this  tube  it  passes  through  a  second  index-tube,  and 
enters  a  small  gas-holder  capable  of  containing  3  or  4  litres.  A  single 
tube  of  magnesium  will  absorb  from  7  to  8  litres  of  nitrogen.  The 
temperature  must  be  nearly  that  of  the  fusion  of  the  glass,  and  the 
current  of  gas  must  be  carefully  regulated,  else  the  heat  developed 
by  the  union  of  the  magnesium  with  nitrogen  will  fuse  the  tube. 

Having  collected  the  residue  from  100  or  150  litres  of  atmospheric 
nitrogen,  which  may  amount  to  4  or  5  litres,  it  is  transferred  to  a 
small  gas-holder  connected  with  an  apparatus,  whereby,  by  means  of 
a  species  of  a  self-acting  SprengeFs  pump,  the  gas  is  caused  to  circu- 
late through  a  tube  half  filled  with  copper  and  half  with  copper 
oxide ;  it  then  traverses  a  tube  half  filled  with  soda-lime  and  half 
with  phosphorus  pentoxide;  it  then  passes  a  reservoir  of  about 
300  c.c.  capacity,  from  which,  by  raising  a  mercury  reservoir,  it  can 
be  expelled  into  a  small  gas-holder.  Next  it  passes  through  a  tube 
containing  magnesium  turnings  heated  to  bright  redness.     The  gas 
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is  thus  freed  from  any  possible  confcamination  with  oxygen,  hydrogen, 
or  hydrocarbons,  and  nitrogen  is  gradually  absorbed.  As  the  amount 
of  gas  in  the  tubes  and  reservoir  diminishes  in  volume,  it  draws  sup- 
plies from  the  gas-holder,  and,  finally,  the  circulating  system  is  full 
of  argon  in  a  pure  state.  The  circulating  system  of  tubes  is  con- 
nected with  a  mercury  pump,  so  that,  in  changing  the  magnesium 
tube,  no  gas  may  be  lost.  Before  ceasing  to  heat  the  magnesium 
tube  the  system  is  pumped  empty,  and  the  collected  gas  is  restored 
to  the  gas-holder ;  finally,  all  the  argon  is  transferred  from  the  mer- 
cury reservoir  to  the  second  small  gas-holder,  which  should  prefer- 
ably be  filled  with  water  saturated  with  argon,  so  as  to  prevent 
contamination  from  oxygen  or  nitrogen ;  or,  if  preferred,  a  mercury 
gas-holder  may  be  employed.  The  complete  removal  of  nitrogen 
from  argon  is  very  slow  towards  the  end,  but  circulation  for  a  couple 
of  days  usually  efEects  it. 

The  principal  objection  to  the  oxygen  method  of  isolating  argon, 
as  hitherto  described,  is  the  extreme  slowness  of  the  operation.  In 
extending  the  scale  we  had  the  great  advantage  of  the  advice  of  Mr. 
Crookes,  who  not  long  since  called  attention  to  the  fiame  rising  from 
platinum  terminals,  which  convey  a  high  tension  alternating  electric 
discharge,  and  pointed  out  its  dependence  upon  combustion  of  the 
nitrogen  and  oxygen  of  the  air.*  The  plant  consists  of  a  De  Me ri tens 
alternator,  actuated  by  a  gas  engine,  and  the  currents  are  tranformed  to 
a  high  potential  by  means  of  a  Bnhmkorff  or  other  suitable  induction 
coil.  The  highest  rate  of  absorption  of  the  mixed  gases  yet  attained  is 
3  litres  per  hour,  about  3000  times  that  of  Cavendish.  It  is  necessary 
to  keep  the  apparatus  cool,  and  from  this  and  other  causes  a  good 
many  difficulties  have  been  encountered. 

In  one  experiment  of  this  kind,  the  total  air  led  in  after  seven  days' 
working,  amounted  to  7925  c.c,  and  of  oxygen  (prepared  from 
chlorate  of  potash),  9137  c.c.  On  the  eighth  and  ninth  days  oxygen 
alone  was  added,  of  which  about  500  c.c.  was  consumed,  while  there 
remained  about  700  c.c.  in  the  flask.  Hence  the  proportion  in  which 
the  air  and  oxygen  combined  was  as  79  :  96.  The  progress  of  the 
removal  of  the  nitrogen  was  examined  from  time  to  time  with  the 
spectroscope,  and  became  ultimately  very  slow.  At  last  the  yellow 
line  disappeared,  the  contraction  having  apparently  stopped  for  two 
hours.  It  is  worthy  of  notice  that  with  the  removal  of  the  nitrogen, 
the  arc  discharge  changes  greatly  in  appearance,  becoming  narrower 
and  blue  rather  than  greenish  in  colour. 

The  final  treatment  of  the  residual  700  c.c.  of  gas  was  on  the  model 
of  the  small  scale  operations  already  described.  Oxygen  or  hydrogen 
could  be  supplied  at  pleasure  from  an  electrolytic  apparatus,  but  in 
no  way  could  the  volume  be  reduced  be?ow  65  c.c.     This  residue 

•  '  Chemical  News/  vol.  65,  p.  801, 1892. 
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refused  oxidation,  and  showed  no  trace  of  the  yellow  line  of  nitrogen, 
even  nnder  favourable  conditions. 

When  the  gna  stood  for  some  days  over  water,  the  nitrogen  line 
reasserted  itself  in  the  spectrum,  and  many  hours'  sparking  with  a 
little  oxygen  was  required  again  to  get  rid  of  it.  luteutional  addi- 
tions of  air  to  gas  free  from  nitrogen  showed  that  about  1|  per  cent, 
was  clearly,  and  about  3  per  cent,  was  coDspicuously,  visible.  About 
the  same  numbers  apply  to  the  visibility  of  nitrogen  in  oxygen  when 
sparked  under  these  conditions,  that  is,  at  atmospheric  pressure,  and 
with  a  jar  connected  to  the  secondary  terminals. 


IX.  Density  of  Argon  prepared  by  means  of  Oxygen. 

A  first  estimate  of  the  density  of  argon  prepared  by  the  oxygen 
method  was  founded  upon  the  data  already  recorded  respecting  the 
volume  present  in  air,  on  the  assumption  that  the  accurately  known 
densities  of  atmospheric  and  of  chemical  nitrogen  differ  on  account 
of  the  presence  of  argon  in  the  former,  and  that  during  the  treat- 
ment with  oxygen  nothing  is  oxidised  except  nitrogen.     Thus,  if 

D   =  density  of  chemical  nitrogen, 

D'  =         „  atmospheric  nitrogen, 

d    =         „  argon, 

a    =  proportional  volume  of  argon  in  atmospheric  nitrogen, 

the  law  of  mixtures  gives 

a^-|-(l-.a)D  =  D', 

or  c2  =  D  +  (D'-D)/a. 

In  this  formula  D'— D  and  a  are  both  small,  but  they  are  known 
with  fair  accuracy.     From  the  data  already  given 

65 
a  = 


079  X  7925 ' 


whence  if  (on  an  arbitrary  scale  of  i*eckoning)  D  =  2*2990,  D'  = 
2-3102,  we  find  d  =  3378.  Thus  if  N,  be  14,  or  Oj  be  16,  the  density 
of  argon  is  20*6. 

A  direct  determination  by  weighing  is  desirable,  but  hitherto  it  has 
not  been  feasible  to  collect  by  this  means  sufficient  to  fill  the  large 
globe  employed  for  other  gases.  A  mixture  of  about  400  c.c.  of  argon 
with  pure  oxygen,  however,  gave  the  weight  2*7315,  0*1045  in  ex- 
cess of  the  weight  of  oxygen,  viz.,  2*6270.  Thus,  if  a  be  the  ratio 
of  the  volume  of  argon  to  the  whole  volume,  the  number  for  argon 

will  be 

2-6270 +0-1045/*. 
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The  value  of  «,  beiDg  involved  only  in  the  excess  of  weight  above 
that  of  oxygen,  does  not  require  to  be  known  very  accurately.  6uffi« 
ciently  concordant  analyses  by  two  methods  gave  a  =  0*1845 ;  whence 
for  the  weight  of  the  gas  we  get  3' 193,  so  that,  if  Of  =  16,  the  density 
of  the  gas  would  be  19*45.  An  allowance  for  residual  nitrogen,  still 
visible  in  the  gas  before  admixture  of  oxygen,  raises  this  number  to 
19*7,  which  may  be  taken  as  the  density  of  pure  argon  resulting  from 
this  determination. 

X .  Density  of  Argon  prepared  by  means  of  Magnesium, 

The  density  of  the  original  sample  of  argon  prepared  has  already 
been  mentioned.  It  was  19*09 ;  and,  after  sparking  with  oxygen,  it 
was  calculated  to  be  20*0.  The  most  reliable  results  of  a  number  of 
determinations  give  it  as  19*90.  The  difficulty  in  accurately  deter- 
mining the  density  is  to  make  sure  that  all  nitrogen  has  been 
removed.  The  sample  of  density  19'90  showed  no  spectrum  of  nitro- 
gen when  examined  in  a  vacuum  tube.  It  is  right,  however,  to 
remark  that  the  highest  density  registered  was  20*38.  But  there  is 
some  reason  here  to  distrust  the  weighing  of  the  vacuous  globe. 

XI.  Speeirum  of  Argon. 

The  spectrum  of  argon,  seen  in  a  vacuum  tube  of  about  3  mm. 
pressure,  consists  of  a  great  number  of  lines,  distributed  over  almost 
the  whole  visible  field.  Two  lines  are  specially  characteristic ;  they 
are  less  refrangible  than  the  red  lines  of  hydrogen  or  lithium,  and 
serve  well  to  identify  the  gas,  when  examined  in  this  way.  Mr. 
Grookes,  who  will  give  a  full  account  of  the  spectrum  in  a  separate 
communication,  has  kindly  furnished  us  with  the  accurate  wave- 
lengths of  these  lines,  as  well  as  of  some  others  next  to  be  described ; 
they  are  respectively  696*66  and  705*64,  10~*  mm. 

Besides  these  red  lines,  a  bright  yellow  line,  more  refrangible  than 
the  sodium  line,  occurs  at  603'84.  A  group  of  five  bright  green 
lines  occurs  next,  besides  a  number  of  less  intensity.  Of  the  group 
of  five,  the  second,  which  is  perhaps  the  most  brilliant,  has  the  wave- 
length 56100.  There  is  next  a  blue  or  blue-violet  line  of  wave- 
length 470*2  ;  and  last,  in  the  less  easily  visible  part  of  the  spectrum, 
there  are  five  strong  violet  lines,  of  which  the  fourth,  which  is  the 
most  brilliant,  has  the  wave-length  420*0. 

Unfortunately,  the  red  lines,  which  are  not  to  be  mistaken  for 
those  of  any  other  substance,  are  not  easily  seen  when  a  jar  discharge 
is  passed  throngh  argon  at  atmospheric  pressure,  unless  a  large  jar 
and  a  very  powerful  current  be  employed.  The  spectrum  seen 
under  these  conditions  has  been  examined  by  Professor  Schuster. 
The  most  chaiticteristio  lines  are  perhaps  those  in  the  neighbourhood 
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of  F,  and  are  very  easily  seen  if  there  be  not  too  much  nitrogen,  in 
spite  of  the  presence  of  some  oxygen  and  water  vaponr.  The  approxi- 
mate wave-lengths  are — 

487-91 Strong. 

[486-07] P. 

484*71 Not  quite  so  strong. 

480-62 Strong. 

f^f, 1  Fairly  strong  charac. 

472-56!!!!!!!!!!!!!!/  t^^^^" »"?»«*• 

It  is  necessary  to  anlicipitate  Mr.  Crookes'  communication,  and  to 
state  that  when  the  current  is  passed  from  the  induction  coil  in  one 
direction,  that  end  of  the  capillary  tube  next  the  positive  pole  appears  of 
a  redder,  and  that  next  the  negative  pole  of  a  bluer  hue.  There  are, 
in  effect,  two  spectra,  which  Mr.  Crookes  has  succeeded  in  separating 
to  a  considerable. extent.  Mr.  E.  C.  C.  Baly,*  who  has  noticed  a  similar 
phenomenon,  attributes  it  to  the  presence  of  two  gases.  He  says  : — 
*'  When  an  electric  current  is  passed  through  a  mixture  of  two  gases, 
one  is  separated  from  the  other  and  appears  in  the  negative  glow." 
The  conclusion  would  follow  that  what  we  have  termed  "  argon  "  is 
in  reality  a  mixture  of  two  gases  which  have  as  yet  not  been  sepa- 
rated. This  conclusion,  if  true,  is  of  great  importance,  and  experi- 
ments are  now  in  progress  to  test  it  by  the  use  of  other  physical 
methods.     The  full  bearing  of  this  possibility  will  appear  later. 

The  presence  of  a  small  quantity  of  nitrogen  interferes  greatly 
with  the  argon  spectrum.  But  we  have  found  that  in  a  tube  with 
platinum  electrodes,  after  the  discharge  has  been  passed  for  four 
hours,  the  spectrum  of  nitrogen  disappears,  and  the  argon  spectrum 
manifests  itself  in  full  purity.  A  specially  constructed  tube  with 
magnesium  electrodes,  which  we  hoped  would  yield  good  results,  re- 
moved all  traces  of  nitrogen,  it  is  true ;  but  hydrogen  was  evolved 
from  the  magnesium,  and  showed  its  characteristic  lines  very 
strongly.  However,  these  are  easily  identified.  The  gas  evolved  on 
heating  magnesium  in  vacuo,  as  proved  by  a  separate  experiment, 
consists  entirely  of  hydrogen. 

Mr.  Crookes  has  established  the  identity  of  the  chief  lines  of  the 
spectrum  of  gas  separated  from  air- nitrogen  by  aid  of  magnesium 
with  that  remaining  after  sparking  the  air-nitrogen  with  oxygen  in 
presence  of  caustic  soda  solution. 

Professor  Schuster  also  has  found  the  principal  lines  identical  in 
the  spectra  of  the  two  gases,  as  observed  by  the  jar  discharge  at 
atmospheric  pressure. 

•  *  Proc.  Phyt.  Soc.,'  1893,  p.  147. 
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XII.  Solubility  of  Argon  in  Water, 

Determinations  of  the  solnbilitj  in  water  of  argon,  prepared  hj 
sparking,  gave  3*94  volumes  per  100  of  water  at  12°.  The  solubility 
of  gas  prepared  by  means  of  magnesium  was  found  to  be  4*05  volumes 
per  100  at  13*9*".  The  gas  is  therefore  about  2^  times  as  soluble  as 
nitrogen,  and  possesses  approximately  the  same  solubility  as  oxygen. 

The  fact  that  argon  is  more  soluble  than  nitrogen  would  lead  us  to 
expect  it  in  increased  proportion  in  the  dissolved  gases  of  rain  water. 
Experiment  has  confirmed  this  anticipation.  *'  Nitrogen  "  prepared 
from  the  dissolved  gases  of  water  supplied  from  a  rain-water  cistern 
was  weighed  upon  two  occasions.  The  weights,  corresponding  to 
those  recorded  in  §  I,  were  2*3221  and  2*3227,  showing  an  excess  of 
24  milligrams  above  the  weight  of  true  nitrogen.  Since  the  corre- 
sponding excess  for  "  atmospheric  nitrogen  '*  is  11  milligrams,  we 
conclude  that  the  water  '*  nitrogen  "  is  relatively  more  than  twice  as 
rich  in  argon. 

On  the  other  hand,  gas  evolved  from  the  hot  spring  at  Bath,  and 
collected  for  us  by  Dr.  A.  Richardson,  gave  a  residue  after  removal 
of  oxygen  and  carbonic  acid,  whose  weight  was  only  about  midway 
between  that  of  true  and  atmospheric  nitrogen. 

XIII.  Behaviour  at  Low  Temperatures,* 

Preliminary  experiments,  carried  out  to  liquefy  argon  at  a  pressure 
of  about  100  atmospheres,  and  at  a  temperature  of  —90'',  failed.  No 
appearance  of  liquefaction  could  be  observed. 

Professor  Charles  Olszewski,  of  Cracow,  the  well-known  authority 
on  the  constants  of  liquefied  gases  at  low  temperatures,  kindly  offered 
to  make  experiments  on  the  liquefaction  of  argon.  His  results  are 
embodied  in  a  separate  communication,  but  it  is  allowable  to  state 
here  that  the  gas  has  a  lower  critical  temperature  (-r-121**)  and  a 
lower  boiling  point  (  —  187^)  than  oxygen,  and  that  he  has  succeeded 
in  solidifying  argon  to  white  crystals,  melting  at  —189*6*.  The  den- 
sity of  the  liquid  is  approximately  1*5,  that  of  oxygen  being  1*124, 
and  of  nitrogen  0*885.  The  sample  of  gas  he  experimented  with  was 
exceptionally  pure,  and  had  been  prepared  by  help  of  magnesium.  It 
showed  no  trace  of  nitrogen  when  examined  in  a  vacuum  tube. 

XIV.  Baiio  of  Specific  Heats, 

In  order  to  decide  regarding  the  elementary  or  compound  nature 
of  argon,  experiments  were  made  on  the  velocity  of  sound  in  it.  It 
will  be  remembered  that,  fix>m  the  velocity  of  sound  in  a  gas,  the 

*  The  arrangements  for  the  experiments  upon  this  branch  of  the  subject  were 
left  entirely  in  Professor  Bamsay's  hands. 

VOL.  LVII.  "^- 


282  Lord  Rayleigh  and  Prof.  Ramsay.  [Jan.  31, 

ratio  of  specific  heat  at  constant  pressure  to  that  at  constant  volume 
can  be  deduced  by  means  of  the  equation 


nX  =  .=  ^{i(l+«0^;}, 


when  n  is  the  frequency,  X  the  wave-length  of  sound,  v  its  velocity, 
e  the  isothermal  elasticity,  d  the  density,  (1+a^)  the  temperature  cor- 
rection, Cp  the  specific  heat  at  constant  pressure,  and  C^that  at  constant 
volume.  In  comparing  two  gases  at  the  same  temperature,  each  of 
which  obeys  Boyle's  law  with  sufficient  approximation,  and  in  using 
the  same  sound,  many  of  these  factors  disappear,  and  the  ratio  of 
specific  heats  of  one  gas  may  be  deduced  from  that  of  the  other,  if 
known,  by  means  of  the  proportion 

\^d  :  \'^d'  : :  1-41  :  a?, 

where,  for  example,  \  and  d  refer  to  air,  of  which  the  ratio  is  1*41, 
according  to  observations  by  BOntgen,  Wiillner,  Kayser,  and  Jamin 
and  Richard. 

Two  completely  different  series  of  observations,  one  in  a  tube  of 
about  2  mm.  diameter,  and  one  in  one  of  8  mm.,  made  with  entirely 
different  samples  of  gas,  gave,  the  first,  1*65  as  the  ratio,  and,  the 
second,  1*61. 

Experiments  made  with  the  first  tube,  to  test  the  accuracy  of  its 
working,  gave  for  carbon  dioxide  the  ratio  1*276,  instead  of  1*288,  the 
mean  of  all  previous  det-erminations ;  and  the  half  wave-length  of 
sound  in  hydrogen  was  found  to  be  73*6,  instead  of  74*5,  ihe  mean  of 
those  previously  found.  The  ratio  of  the  specific  heats  of  hydrogen 
found  was  1*89,  instead  of  1*402. 

There  can  be  no  doubt,  therefore,  that  argon  gives  practically  the 
ratio  of  specific  heats,  viz.,  1*66,  proper  to  a  gas  in  which  all  the 
energy  is  translationaJ.  The  only  other  gas  which  has  been  found  to 
behave  similarly  is  mercury  gas,  at  a  high  temperature.* 

XY.  Attempts  to  induce  Chemiccd  Comhination, 

Many  attempts  to  induce  argon  to  combine  will  be  described  in  full 
in  the  complete  paper.  Suffice  it  to  say  here,  that  all  such  attempts 
have  as  yet  proved  abortive.  Argon  does  not  combine  with  oxygen 
in  presence  of  alkali  under  the  influence  of  the  electric  discharge, 
nor  with  hydrogen  in  presence  of  acid  or  alkali  also  when  sparked ; 
nor  with  chlorine,  dry  or  moist,  when  sparked ;  nor  with  phosphorus 
at  a  bright- red  heat,  nor  with  sulphur  at  bright  redness.  Tellurium 
may  be  distilled  in  a  current  of  the  gas  ;  so  may  sodium  and  potas- 
sium,   their    metallic   lustre    remaining    unchanged.     It  is   nnab- 

•  Kundt  and  Warburg, '  Fogg.  Aim.,*  toL  167,  p.  868  (1876), 
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Borbed  by  passing  it  over  fnsed  red-hot  caustic  soda,  or  soda-lime 
heated  to  bright  redness ;  it  passes  nnaffected  over  fused  and  bright 
red-hot  potassium  nitrate  ;  and  red-hot  sodium  peroxide  does  not  com- 
bine with  it.  Persulphides  of  sodium  and  calcium  are  also  without 
action  at  a  red  heat.  Platinum  black  does  not  absorb  it,  nor  does 
platinum  sponge,  and  wet  oxidising  and  chlorinating  agents,  such  as 
nitro-hydrochloric  acid,  bromine  water,  bromine  and  alkali,  and 
hydrochloric  acid  and  potassium  permanganate,  are  entirely  without 
action.  Experiments  with  fluorine  are  in  contemplation,  but  the 
difficulty  is  great ;  and  an  attempt  will  bo  made  to  produce  a  carbon 
arc  in  the  gas.  Mixtures  of  sodium  and  silica  and  of  sodium  and 
boracic  anhydride  are  also  without  action,  hence  it  appears  to  resist 
attack  by  nascent  silicon  and  by  nascent  boroa. 


XVI.  General  Conclusions, 

It  remains,  finally,  to  discuss  the  probable  nature  of  the  gaa,  or 
mixture  of  gases,  which  we  have  succeeded  in  separating  from 
atmospheric  air,  and  which  has  been  provisionally  named  argon. 

The  presence  of  argon  in  the  atmosphere  is  proved  by  many  lines 
of  evidence.  The  higher  density  of  **  atmospheric  nitrogen,"  and 
the  uniformity  in  the  density  of  samples  of  chemical  nitrogen  pre- 
'  pared  from  different  compounds,  lead  to  the  conclusion  that  the  cause 
of  the  anomaly  is  the  presence  of  a  heavy  gas  in  air.  If  that  gas 
possess  the  density  20  compared  with  hydrogen,  **  atmospheric  nitro- 
gen" should  contain  of  it  approximately  1  per  cent.  This  is,  in 
fact,  found  to  be  the  case.  Moreover,  as  nitrogen  is  removed  from 
air  by  means  of  red-hot  magnesium,  the  density  of  the  remaining 
gas  rises  proportionately  to  the  concentration  of  the  heavier  con- 
stituent. 

Second.  This  gas  has  been  concentrated  in  the  atmosphere  by  difiu- 
sion.  It  is  true  that  it  cannot  be  freed  from  oxygen  and  nitrogen 
by  diffusion,  but  the  process  of  diffusion  increases,  relatively  to 
nitrogen,  the  amount  of  argon  in  that  portion  which  does  not  pass 
through  the  porous  walls.  This  has  been  proved  by  its  increase  in 
density. 

Third.  As  the  solubility  of  argon  in  water  is  relatively  high, 
it  is  to  be  expected  that  the  density  of  the  mixture  of  argon  and 
nitrogen,  pumped  out  of  water  along  with  oxygen,  should,  after 
the  removal  of  the  oxygen,  exceed  that  of  *'  atmospheric  nitrogen." 
Experiment  has  shown  that  the  density  is  considerably  increased. 

Fourth.  It  is  in  the  highest  degree  improbable  that  two  processes, 
so  different  from  each  other,  should  manufacture  the  same  product. 
The  explanation  is  simple  if  it  be  granted  that  these  processes  merely 
eliminate  nitrogen  from  an  atmospheric  mixture.     Moreo^^sr^  \^^  ^^ 
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appears  probable,  argon  be  an  element,  or  a  mixture  of  elements,  its 
manufacture  would  mean  its  separation  from  one  of  the  substances 
employed.  The  gas  which  can  be  removed  from  red-hot  magnesium 
in  a  vacuum  has  been  found  to  be  wholly  hydrogen.  Nitrogen  from 
chemical  sources  has  been  practically  all  absorbed  by  magnesium,  and 
also  when  sparked  in  presence  of  oxygen ;  hence  argon  cannot  have 
resulted  from  the  decomposition  of  nitrogen.  That  it  is  not  produced 
from  oxygen  is  sufficiently  borne  out  by  its  preparation  by  means  of 
ma^esium. 

Other  arguments  could  be  adduced,  but  the  above  are  sufficient  to 
justify  the  conclusion  that  argon  is  present  in  the  atmosphere. 

The  identity  of  the  leading  lines  in  the  spectrum,  the  similar  solu- 
bility and  the  similar  density,  appear  to  prove  the  identity  of  the 
argon  prepared  by  both  processes. 

That  argon  is  an  element,  or  a  mixture  of  elements,  may  be 
inferred  from  the  observations  of  §  XIV.  For  Clausius  has  shown 
that  if  K  be  the  energy  of  translatory  motion  of  the  molecules  of  a 
gas,  and  H  their  whole  kinetic  energy,  then 

K  _8(Cp-C,) 
H  ""        20.       ' 

Cp  and  Ov  denoting  as  usual  the  specific  heat  at  constant  pressure  and 
at  constant  volume  respectively.  Hence  if,  as  for  mercury  vapour 
and  for  argon  (§  XIV),  the  ratio  of  specific  heats  0^ :  Ov  be  1),  it 
follows  that  K  =  H,  or  that  the  whole  kinetic  energy  of  the  gas  is 
accounted  for  by  the  translatory  motion  of  its  molecules.  In  the  case 
of  mercury  the  absence  of  interatomic  energy  is  regarded  as  proof  of 
the  monatomic  character  of  the  vapour,  and  the  conclusion  holds 
equally  good  for  argnn. 

The  only  alternative  is  to  suppose  that  if  argon  molecules  are  di- 
or  polyatomic,  the  atoms  acquire  no  relative  motion,  even  of  rotation, 
a  conolnsion  improbable  in  itself  and  one  postulating  the  sphericity 
of  such  complex  groups  of  atoms. 

Now  a  monatomic  gas  can  be  only  an  element,  or  a  mixture  of 
elements;  and  hence  it  follows  that  argon  is  not  of  a  compound  nature. 

From  Avogadro's  law,  the  density  of  a  gas  is  half  its  molecular 
weight ;  and  aa  the  density  of  argon  is  approximately  20,  hence  its 
molecular  weight  must  bo  40.  But  its  molecule  is  identical  with  its 
atom  ;  hence  its  atomic  weight,  or,  if  it  be  a  mixture,  the  mean  of 
the  atomic  weights  of  that  mixture,  taken  for  the  proportion  in  which 
they  are  present,  most  be  40. 

There  is  evidence  both  for  and  against  the  hypothesis  that  argon 
is  a  mixture :  for,  owing  to  Mr.  Grookes'  observations  of  the  dual 
character  of  its  spectrum  ;  against,  because  of  Professor  Olszewski's 
statement  that  it  has  a  deGnite  melting  point,  a  definite  boiling  point, 
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and  a  definite  critical  temperatnre  and  pressure ;  and  because  on 
compressing  the  gas  in  presence  of  its  liquid,  pressure  remains  sen- 
sibly constant  until  all  gas  has  condensed  to  liquid.  The  latter 
experiments  are  the  well-known  criteria  of  a  pure  substance ;  the 
former  is  not  known  with  certainty  to  be  characteristic  of  a  mixture. 
The  conclusions  which  follow  are,  however,  so  startling,  that  in  our 
future  experimental  work  we  shall  endeavour  to  decide  the  question 
by  other  means. 

For  the  present,  however,  the  balance  of  evidence  seems  to  point 
io  simplicity.  We  have  therefore  to  discuss  the  relations  to  other 
elements  of  an  element  of  atomic  weight  40.  We  inclined  for  long 
to  the  view  that  argon  was  possibly  one  or  more  than  one  of  the 
elements  which  might  be  expected  to  follow  fluorine  in  the  periodic 
classification  of  the  elements — elements  which  should  have  an  atomic 
weight  between  19,  that  of  fluo^ne,  and  23,  that  of  sodium.  But 
this  view  is  apparently  put  out  of  court  by  the  discovery  of  the  mon- 
atomic  nature  of  its  molecules. 

The  seiies  of  elements  possessing  atomic  weights  near  40  are  : — 

Chlorine   355 

Potassium 391 

Calcium 40*0 

Scandium.  • « 44*0 

There  can  be  no  doubt  that  potassium,  calcium,  and  scandium 
follow  legitimately  their  predecessors  in  the  vertical  columns,  lithium, 
beryllium,  and  boron,  and  that  they  are  in  almost  certain  relation 
with  rubidium,  strontium,  and  (but  not  so  certainly)  yttrium.  If 
argon  be  a  single  element,  then  there  is  reason  to  doubt  whether 
the  periodic  classification  of  the  elements  is  complete ;  whether, 
in  fact,  elements  may  not  exist  which  cannot  be  fitted  among 
those  of  which  it  is  composed.  On  the  other  hand,  if  argon  be  a 
mixture  of  two  elements,  they  might  find  place  in  the  eighth 
group,  one  after  chlorine  and  one  after  bromine. '  Assuming  37  (the 
approximate  mean  between  the  atomic  weights  of  chlorine  and 
potassium)  to  be  the  atomic  weight  of  the  lighter  element,  and  40 
the  mean  atomic  weight  found,  and  supposing  that  the  second  element 
has  an  atomic  weight  between  those  of  bromine,  80,  and  rubidiuni, 
85*5,  viz.,  82,  the  mixtui-e  should  consist  of  93*3  percent,  of  the  lighter, 
and  6*7  per  cent,  of  the  heavier  element.  But  it  appears  improbable 
that  such  a  high  percentage  as  6*7  of  a  heavier  element  should  have 
escaped  detection  during  liquefaction. 

If  it  be  supposed  that  argon  belongs  to  the  eighth  group,  then  its 
properties  would  fit  fairly  well  with  what  might  be  anticipated.  For 
the  series,  which  contains 

Si^iv^     pm«4v     giitovi^    andCV**^", 
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might  be  expected  to  end  -with  an  element  of  monatomic  molecnles, 
of  no  valency,  i.e.,  incapable  of  forming  a  compound,  or  if  forming  one, 
being  an  octad ;  and  it  wonld  form  a  possible  transition  to  potassium, 
with  its  monovalence,  on  the  other  hand.  Such  conceptions  are, 
however,  of  a  speculative  nature ;  yet  tbey  may  be  perhaps  excused, 
if  they  in  any  way  lead  to  experiments  which  tend  to  throw  more 
light  on  the  anomalies  of  this  carious  element. 

In  conclusion,  it  need  excite  no  astonishment  that  argon  is  so  in- 
different to  reagents.  For  mercury,  although  a  monatomic  element, 
forms  compounds  which  are  by  no  means  stable  at  a  high  temperature 
in  the  gaseous  state ;  and  attempts  to  produce  compounds  of  argon 
may  be  likened  to  attempts  to  cause  combination  between  mercury 
gas  at  SOO""  and  other  elements.  As  for  the  physical  condition  of 
argon,  that  of  a  gas,  we  possess  no  knowledge  why  carbon,  with  its 
low  atomic  weight,  should  be  a  solid,  while  nitrogen  is  a  gas,  except 
in  so  far  as  we  ascribe  molecular  complexity  to  the  former  and  com- 
parative molecular  simplicity  to  the  latter.  Argon,  with  its  com- 
paratively low  density  and  its  molecular  simplicity,  might  well  be 
expected  to  rank  among  the  gases.  And  its  inertness,  which  has 
suggested  its  name,  sufficiently  explains  why  it  has  not  previously 
been  discovered  as  a  constituent  of  compound  bodies. 

We  would  suggest  for  this  element,  assuming  provisionally  that  it 
is  not  a  mixture,  the  symbol  A. 

We  have  to  record  our  thanks  to  Messrs.  Gordon,  Kellas,  and 
Matthews,  who  have  materially  assisted  us  in  the  prosecution  of  this 
research. 


Addendum  by  Professor  Ramsay,  March  20,  1895. 

Further  determinations  have  been  made  of  the  density  of  argon 
prepared  by  means  of  magnesium.  The  mean  result  of  six  ver}' 
concordant  weighings  of  different  samples,  in  which  every  care  was 
taken  in  each  case  to  circulate  the  argon  over  magnesium  for  hours 
after  all  contraction  had  ceased,  gave  the  density  1990. 

The  value  of  R  in  the  gas-equation  R  =  pvjT  has  been  carefully 
determined  for  argon,  at  temperatures  determined  by  means  of  a 
thermometer  filled  with  pure  hydrogen.  I  have  found  that  the  value 
of  R  remains  practically  constant  between  —87*  and  +248°;  the 
greatest  difference  between  the  extreme  values  of  R  amounts  to  only 
0*3  per  cent.  Argon,  therefore,  behaves  as  a  "perfect"  gas,  and 
shows  no  sign  of  association  on  cooling,  nor  of  dissociation  on 
heating. 

The  ratio  of  the  specific  heat  at  constant  volume  to  that  at  con- 
Ffant  pressure  has  been  reinvestigated;  the  mean  of  four  very  concord- 
ant determinations  with  distinct  samples  of  argon  is  1*645. 
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The  molecnlar  weight  of  argon  is  therefore  39'8,  and  the  same 
nnmber  expresses  its  atomic  weight,  nnless  it  be  a  mixture  of  two 
elements,  or  of  mono-  and  diatomic  molecules  of  the  same  element. 
The  ratio  of  specific  heats  might  support  the  last  supposition ;  but 
the  thermal  behaviour  of  the  gas  lends  no  support  to  this  yiew. 


II.  "  On  the  Spectra  of  Argon."    By  William  Crookes, 
F.R.S.,  &c.    Received  January  26, 1895. 

(Abstract.) 

Through  the  kindness  of  Lord  Bajleigh  and  Professor  Ramsay  I 
have  been  enabled  to  examine  the  spectrum  of  this  gas  in  a  very 
accurate  spectroscope,  and  also  to  take  photographs  of  its  spectra  in  a 
spectrograph  fitted  with  a  complete  quartz  train. 

Argon  resembles  nitrogen  in  that  it  gives  two  distinct  spectra 
according  to  the  strength  of  the  induction  current  employed.  But 
while  the  two  spectra  of  nitrogen  are  different  in  character,  one 
showing  fluted  bands  and  the  other  sharp  lines,  the  argon  spectra  both 
consist  of  sharp  lines.  It  is,  however,  very  difficult  to  get  argon  so  free 
from  nitrogen  that  it  will  not  at  first  show  the  nitrogen  6 utiugs  super- 
posed on  its  own  special  system  of  lines.  I  have  used  argon  prepared 
by  Lord  Rayleigh,  Professor  Ramsay,  and  myself,  and,  however  free 
it  was  supposed  to  be  from  nitrogen,  I  could  always  detect  the 
nitrogen  bands  in  its  spectrum.  These,  however,  disappear  when  the 
induction  spark  is  passed  through  the  tube  for  some  time,  varying 
from  a  few  minutes  to  a  few  hours.  The  vacuum  tubes  best  adapted 
for  showing  the*  spectra  are  of  the  ordinary  Pliicker  form,  having  a 
capillary  tnbe  in  the  middle.  For  photographing  the  higher  rays 
which  are  cut  off  by  glass  I  have  used  a  similar  tube,  '^  end  on," 
haviug  a  quartz  window  at  one  end. 

The  pressure  of  argon  giving  the  greatest  luminosity  and  most 
brilliant  spectrum  is  3  mm. 

If  the  pressure  is  further  reduced,  and  a  Leyden  jar  intercalated 
in  the  circuit,  the  colour  of  the  luminous  discharge  changes  from  red 
to  a  rich  steel  blue,  and  the  spectrum  shows  an  almost  entirely  dif- 
ferent set  of  lines. 

I  have  taken  photographs  of  the  two  spectra  of  argon  partly  super- 
posed. In  this  way  their  dissimilarity  is  readily  seen.*  In  the 
spectrum  of  the  blue  glow  I  have  counted  119  lines,  and  in  that  of 
the  red  glow  80  lines,  making  199  in  all.  Of  these  26  appear  to  be 
common  to  both  spectra. 

I  have  said  that  the  residual  nitrogen  is  removed  by  sparking  the 

*  Photographs  of  the  different  spectra  of  argon,  and  other  gaseous  spectra  for 
comparison,  were  projected  on  the  screen. 
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tnbe  for  some  time  when  platinum  terminals  are  sealed  in.  This  is 
not  the  onlj  way  of  porif  jinf^  the  argon.  By  the  kindness  of  Pro- 
fessor Ramsay,  I  was  allowed  to  take  some  vacanm  tabes  to  his 
laboratory  and  there  exhaust  and  fill  them  with  some  of  his  purest 
argon.  On  this  occasion  I  simoltaneoasly  filled,  exhausted,  and 
sealed  off  two  Pliicker  tubes,  one  having  platinum  and  the  other 
aluminium  terminals.  On  testing  the  gas  immediately  after  they 
were  sealed  ofE,  each  tnbe  showed  the  argon  spectrum,  contaminated 
by  a  trace  of  nitrogen  bands.  The  next  day  the  tube  with  platinum 
terminals  was  unchanged,  but  that  having  aluminium  terminals 
showed  the  pure  spectrum  of  argon,  the  faint  nitrogen  bands  having 
entirely  disappeared  during  the  night.  After  an  hour*s  sparking  the 
tube  with  platinum  terminals  likewise  g^ve  a  pure  argon  spectrum. 

A  vacuum  tube  was  filled  with  pure  argon  and  kept  on  the  pump 
while  observations  were  made  on  the  spectrum  of  the  gas  as  exhaus- 
tion proceeded.  The  large  coil  was  used  with  a  current  of  8'84  amperes 
and  11  volt8,  no  jar  was  interposed.  At  a  pressure  of  3  mm.  the 
spectrum  was  that  of  the  pure  red  glow  of  argon.  This  persisted  as 
the  exhaustion  rose,  until,  at  a  pressure  of  about  half  a  millimeter, 
flashes  of  blue  light  made  their  appearance.  At  a  quarter  of  a  milli- 
meter the  colour  of  the  ignited  gas  was  pure  blue,  and  the  spectrum 
showed  no  trace  of  the  red  glow. 

An  experiment  was  now  made  to  see  if  the  small  quantity  of  argon 
normally  present  in  the  atmosphere  could  be  detected  without  previous 
concentration.  Nitrogen  was  prepared  from  the  atmosphere  by  burn- 
ing phosphorus,  and  was  purified  in  the  usual  manner.  This  gas,  well 
dried  over  phosphoric  anhydride,  was  passed  into  a  vacuum  tube,  the 
air  washed  out  by  two  fillings  and  exhaustions,  aiid  the  tube  was 
finally  sealed  off  at  a  pressure  of  52  mm.  It  was  used  for  photo- 
graphing the  band  spectrum  of  nitrogen  on  several  occasions,  and 
altogether  it  was  exposed  to  the  induction  current  from  the  large  coil 
for  eight  hours  before  any  change  was  noticed.  The  last  time  when 
photographing  its  spectrum  difficulty  was  experienced  in  getting  the 
spark  to  pass,  so  I  increased  the  current  and  intercalated  a  small 
jar.  The  colour  immediately  changed  from  the  reddish-yellow  of 
nitrogen  to  the  blue  of  argon,  and  on  applying  the  spectroscope  the 
lines  of  argon  shone  out  with  scarcely  any  admixture  of  nitrogen 
bands.  With  great  difficulty,  and  by  employing  a  very  small  jar,  I  was 
able  to  take  one  photograph  of  its  spectrum  and  compare  it  with  the 
spectrum  of  argon  from  Professor  Ramsay,  both  being  taken  on  the 
same  plate.  The  argon  spectra  were  the  same  in  each.  Af  t«r  this  it 
became  difficult  to  illuminate  the  tube,  except  by  employing  a  danger- 
ously large  current.  Whenever  a  flash  passed  it  was  of  a  deep  blue 
colour.  Assuming  that  the  atmosphere  contains  1  per  cent,  of  argon, 
the  3  mm.  of  nitrogen  originally  in  the  tube  would  contain  0*03  mm. 
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of  argon.  After  the  nitrogen  had  been  absorbed  bj  the  spattered 
platinum  this  pressure  of  argon  would  be  near  the  point  of  non-con- 
duction. 

In  all  cases,  when  argon  has  been  obtained  in  this  manner,  the 
spectrum  has  been  that  of  the  blue-glowing  gas.  It  is  not  improbable, 
and  I  understand  that  independent  observations  have  ali'eady  led 
both  the  discoverers  to  the  same  conclusion,  that  the  gas  argon  is 
not  a  simple  body,  but  is  a  mixture  of  at  least  two  elements,  one  of 
which  glows  red  and  the  other  blue,  each  having  its  distinctive 
spectrum.  The  theory  that  it  is  a  simple  body  has,  however,  support 
from  the  analogy  of  other  gases.  Thus,  nitrogen  has  two  distinct 
spectra,  one  or  the  other  being  produced  by  varying  the  pressure  and 
intensity  of  the  spark.  I  have  made  vacuum  tubes  containing 
rarefied  nitrogen,  which  show  either  the  fluted  band  or  the  sharp 
line  spectrum  by  simply  turning  the  screw  of  the  make-and-break, 
exactly  as  the  two  spectra  of  argon  can  be  changed  from  one  to 
the  other. 

I  have  prepared  tubes  containing  other  gases  as  well  sa  nitrogen  at 
different  pressures,  and  have  examined  their  spectra  both  by  eye  ob* 
servations  and  by  photegpraphy.  The  sharp  line  spectrum  of  nitrogen 
is  not  nearly  so  striking  in  brilliancy,  number  or  sharpness  of  lines 
as  are  those  of  argon,  and  careful  scrutiny  fails  to  show  more  than 
one  or  two  apparent  coincidences  between  lines  in  the  two  spectra. 
Between  the  spectra  of  argon  and  the  band  spectrum  of  nitrogen 
there  are  two  or  three  close  approximations  of  lines,  but  a  projection 
on  the  screen  of  a  magnified  image  of  the  two  spectra  partly  super- 
posed will  show  that  two  at  least  of  these  are  not  real  coincidences. 

I  have  looked  for  indications  of  lines  in  the  argon  spectra  corre- 
sponding to  the  corona  line  at  531*7,  the  aurora  line  at  557*1,  and  the 
helium  line  at  587*5,  but  have  failed  to  detect  any  line  of  argon  suffi- 
ciently near  these  positions  to  fall  within  the  limits  of  experimental 
error. 

I  have  found  no  other  spectrum-giving  gas  or  vapour  yield  spect]*a 
at  all  like  those  of  argon,  and  the  apparent  coincidences  in  some  of 
the  lines,  which  on  one  or  two  occasions  are  noticed,  have  been  very 
few,  and  would  probably  disappear  on  using  a  higher  dispersion. 
As  far,  therefore,  as  spectrum  work  can  decide,  the  verdict  must 
be  that  Lord  Rayleigh  and  Professor  Ramsay  have  added  one,  if  not 
two,  members  to  the  family  of  elementary  bodies. 
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III.  '*  The  Liquefaction  and  Solidification  of  Argon."  By  Dr. 
K.  Olszewski,  Professor  of  Chemistry  in  the  University  of 
Cracow.  Communicated  by  Professor  William  Ramsay, 
F.R.S.    Received  January  28,  1895. 

(Abstract.) 

Having  been  fnrnisbed,  by  Professor  Ramsay's  kindness,  with  a 
sample  of  the  new  gas,  argon,  I  have  carried  oat  experiments  on  its 
behavionr  at  low  temperatores  and  at  high  pressures,  in  order  to 
contribute,  at  least  in  part,  to  the  knowledge  of  the  properties  of  this 
interesting  body. 

The  argon  with  which  I  was  supplied  had  been  dried  with  phos- 
phoric anhydride ;  its  density  was  19*9  (H  =  1) ;  and  Professor 
Ramsay  thought  that  at  the  outside  it  might  contain  1  to  2  per  cent, 
of  nitrogen,  although  it  showed  no  nitrogen  spectrum  when  examined 
in  a  Pfluoker*s  tube. 

For  the  first  two  experiments  I  made  use  of  a  Cailletet's  apparatus. 
As  cooling  agent  I  used  liquid  ethylene,  boiling  under  diminished 
pressure. 

In  both  the  other  experiments  the  argon  was  contained  in  a 
burette,  closed  at  both  ends  with  glass  stop-cocks.  By  connecting 
the  lower  end  of  the  burette  with  a  mercury  reservoir,  the  argon  wan 
transferred  into  a  narrow  glass  tube  fused  at  its  lower  end  to  the 
upper  end  of  the  burette,  and  in  which  the  argon  was  liquefied,  and 
its  volume  in  the  liquid  state  ineasured.  In  these  two  series  of  ex- 
periments liquid  oxygen,  boiling  under  atmospheric  or  under 
diminished  pressure,  was  employed  as  a  cooling  agent.  I  made  use  of 
a  hydrogen  thermometer  in  all  these  experiments  to  measure  low 
temperatures. 

Determination  of  the  Critical  Constants  of  Argon, 

As  soon  as  the  temperature  of  the  liquid  ethylene  had  been  lowered 
to  —128^*6,  the  argon  easily  condensed  to  a  colourless  liquid  under  a 
pressure  of  38  atmospheres.  On  slowly  raising  the  temperature  of 
the  ethylene,  the  meniscus  of  the  liquid  argon  became  less  and  less 
distinct,  and  finally  vanished. 

From  seven  determinations  the  critical  pressure  was  found  to  be 
50*6  atmospheres ;  the  mean  of  the  seven  estimations  of  the  critical 
temperature  is  —121". 

At  lower  temperatures  the  following  vapour-pressures  were  re- 
corded : — 
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Ezpt. 

8 

9 
10 
11 
12 


Temperature.     Pressure. 
-128^-6       SSOatmoe. 


-129-6 
-129-4 
- 129  -3 
- 129  -6 


86-8 
85-8 
36 -8 

86-8 


It 
ft 


Ezpt. 
13 
14 
16 
16 
17 


Temperature.    Pressure. 
- 134''  -4       29  '8  atmos. 


-136  1 
-136-2 
-138-3 
-139-1 


29-0 
27-3 
26  3 
23-7 


It 


u 


ti 


II 


Determination  of  the  Boiling  and  Freezing  Points. 

A  calibrated  tnbe,  intended  to  receive  the  arg^n  to  be  liquefied, 
and  tbe  hydrogen  thermometer  were  immersed  in  boiling  oxjgen. 
On  admitting  argon,  and  diminishing  the  temperature  of  the  liquid 
oxygen  below  —187°,  the  liquefaction  of  the  argon  became  manifest. 
When  liquefaction  had  taken  place,  I  caref  ally  equalised  the  pressure 
of  the  argon  with  that  of  the  atmosphere,  and  regulated  the  tempera- 
ture, so  that  the  state  of  balance  was  maintained  for  a  long  time. 
This  process  gives  the  boiling  point  of  argon  under  atmospheric 
pressure.  Four  experiments  gave  the  numbers  — 186°'7,  — 186°'8, 
-187°-0,  and  -187°-3.  The  mean  is  -186°-9,  which  I  consider  to 
be  the  boiling  point  under  atmospheric  pressure  (740*5  mm.). 

The  quantity  of  argon  used  for  these  experiments,  reduced  to 
normal  temperature  and  pressure,  was  99*5  c.o. ;  the  quantity  of 
liquid  correspoDding  to  that  volume  of  gas  was  approximately  0'114i  c.c 
Hence  the  density  of  argon  at  its  boiling  point  may  be  taken  as 
approximately .  1*5.  This  proves  that  the  density  of  liquid  argon 
at  its  boiling  point  (—187^)  is  much  higher  than  that  of  oxygen, 
which  I  have  found,  under  similar  conditions,  to  be  1*124. 

Bj  lowering  the  temperature  of  the  oxygen  to  —191°  by  slow 
exhaustion,  the  argon  froze  to  a  crystalline  mass,  resembling  ice ;  on 
further  lowering  temperature  it  became  white  and  opaque.  When  the 
temperature  was  raised  it  melted ;  four  observations  which  I  made  to 
determine  its  melting  point  gave  the  numbers:  — 189**0,  — 190*''6, 
-189°-6,  and  -189"-4.  The  mean  of  these  numbers  is  -189°-6; 
and  this  may  be  accepted  as  the  melting  point  of  argon. 

In  the  following  table  I  have  given  a  comparison  of  physical  con- 
stants, in  which  those  of  argon  are  compared  with  those  of  other 
80-called  permanent  gases.  The  data  are  from  my  previous  work  on 
the  subject. 

As  can  be  seen  from  the  foregoing  table,  argon  belongs  to  the 
so-called  "  permanent  *'  gases,  and,  as  regards  difficulty  in  liquefying 
it,  it  occupies  the  fourth  place,  viz.,  between  carbon  monoxide  and 
oxygen.  Its  behaviour  on  liquefaction  places  it  nearest  to  oxygen, 
but  it  differs  entirely  Ivova  oxygen  in  being  solidifiable ;  as  is  well 
known,  oxygen  has  not  yet  been  made  to  assume  a  solid  state. 

The  high  density  of  argon  rendered  it  probable  that  its  liquefaction 
would  take  place  at  a  higher  temperature  than  that  at  which  oxygen 
liquefies.  Its  unexpectedly  low  critical  temperature  and  boiling 
point  seem  to  have  s  ome  relation  to  its  simple  molecxslAx  ^^T^sXh^r^Mv^T^. 
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IV.  "  On  the  Spark  Spectrum  of  Argon  as  it  appears  in  the 
Spark  Spectrum  of  Air."  By  W.  N.  Hartley,  F.R.S., 
Professor  of  Chemistry,  Royal  College  of  Science,  Dublin. 
Received  January  31, 1895.     [Revised  February  18, 1895.] 

The  spark  spectrum  of  air  as  phoiogpraphed,  mapped,  and  described 
bf  Hartley  and  Adeney*  contains  various  lines  which  they  have  not 
been  able  to  attribute  to  oxygen  or  to  nitrogen,  having  do  grounds 
for  assigning  them  to  one  element  or  the  other.  The  lines  beloDging 
to  oxygen  and  nitrogen,  when  produced  by  uncondensed  sparks,  are 
comparatively  well  known ;  so  aluo  are  the  lines  of  oxygen  when  a 
condensed  spark  is  used,  but  it  is  otherwise  with  the  lines  of  nitrogen 
when  the  spark  is  condensed. 

It  was  observed  by  one  of  usf  that  the  very  abundant  air  lines  iu 
the  photographed  spectrum  of  air  were  subject  to  considerable  varia- 
tions according  to  circumstances.  Thus,  by  modifications  in  manipu- 
lation, the  air- spectrum  might  almost  be  suppressed,  though  the 
metallic  lines  reoukined  strong. 

On  the  other  hand,  it  was  remarked  that  certain  metallic  electrodes 
^ve  spectra  of  air  with  some  lines  more  prominent  than  others,  also 
more  sharply  and  distinctly  defined.  Aluminium  and  copper  were 
two  which  gave  the  most  distinctly-marked  air-lines.  Platinum  also 
iu  some  cases. 

From  statements  contained  in  the  paper  contributed  by  Mr. 
Crookes  on  the  spectrum  of  argon  it  may  be  gathered  that  the 
following  conditions  have  been  observed  to  yield  the  brightest  and 
purest  spectrum  of  argon : — 

1.  As  to  pressure,  about  3  mm. 

2.  Electrodes  of  aluminium  or  platinum. 

3.  A  condensed  spark  from  a  coil  and  Leyden  jar. 

These  conditions  were  very  nearly  approached  when  Hartley  and 
Adepey's  spectra  of  air  were  photographed,  thus : — 

1.  As  argon  is  about  1  per  cent,  of  the  atmosphere,  its  partial 

pressure  is  abont  7*5  mm. 

2.  Electrodes  of  aluminium,  copper,  platinum,  and  palladium  were 

used. 

3.  A  condensed  spark  was  always  employed,  this  being  produced 

by  using  a  coil  and  Leyden  jar. 

It  was  therefore  reasonable  to  expect  that  the  spectrum  of   the 

•  •  Phil.  Trans.,'  vol.  176,  p.  63, 1884. 

t  '  Journ.  Chem.  Soc.,'  toI.  41,  p.  84, 1882 ;  alio  '  Soi.  Trans.  Boyal  Dublin  Soc.,' 
TO*.  1,  p.  231  (new  scries),  Ibbl. 
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blue  and  ultra-violet  rajs  emitted  by  argon  would  be  recognised 
among  some  of  the  weaker  lines  in  the  spectrnm  of  air.  When 
operating  in  a  tube  closed  by  a  plate  of  quartz  with  oxygen,  carbon 
dioxide,  nitrogen,  and  other  gases,  with  carbon  electrodes  and 
points  of  aluminium,  the  variations  in  the  spectrum  were  considered 
to  be  of  the  same  nature  as  those  desci*ibed  in  the  '  Boy.  Soc.  Proc.,' 
vol.  66,  p.  344,  1894,  but  it  appears  now  to  be  extremely  probable 
that  they  were  in  some  cases  due  to  the  removal  of  nitrogen  and  the 
development  of  the  argon  spectrum.  Accordingly  the  spark  spectrum 
of  air  has  been  examined*  for  those  lines  more  refrangible  than  4674, 
since,  if  it  be  an  elementary  form  of  matter,  they  must  appear  there, 
or  some  explanation  should  be  given  to  account  for  their  absence. 

It  may  here  be  stated  that  the  photographs  were  taken  in  1882  with 
a  Rutherford  diffraction  grating  with  14,000  lines  to  the  inch  and 
((uartz  lenses  of  36  inches  focus.  Two  sets  of  measui^ements  were 
made,  one  from  the  photograph  of  each  metal ;  where  the  lines  did 
not  agree,  sometimes  a  third  set  of  measurements  were  made  from 
another  plate,  but  when  this  was  not  necessary  the  mean  value  was 
adopted  as  the  wave-length.  The  maximum  einror  for  well-defined 
lines  was  believed  to  be  not  greater  than  ±0*3  of  a  tenth  metre ;  for 
faint  lines  it  is  larger,  but  it  seldom  rises  to  more  than  0*5.  The 
metre  of  Angstrom  was  our  standard. 

The  following  table  gives  the  lines  in  the  red  and  in  the  blue 
spectra  of  argon,  and  the  corresponding  lines  in  the  spectrum  of  air. 
With  the  exception  of  two  lines  printed  in  italics,  the  latter  are  all 
absolute  wave-lengths. 

Column    I.—The  spectram  of  the  red  rays  of  argon. 
„       II. — The  spectrnm  of  the  blue  rays  of  argon. 

,t      III. — Hartley  and  Adeney's  spectriun  of  air,  with  the  non-coincident 
lines  omitted. 


I. 

II. 

111. 

Strong. 

4629-5 

4628-9 

4608 

4605-6 

Weak. 

4694-6 

4696-0 

Weak. 

4586-9 

4689-8 

Weak. 

4543-6 

4543-4 

Faint. 

4509-5 

4609*5 

4506-6 

Weak. 

4478  3 

4476-6 

Weak,  fine. 

4426-5 

4425-9 

Weak,  nebulous. 

4.399-5 

4402-6 

Faint. 

4376-5 

4378-0 

Faint. 

4348-5 

4348-2 

Strong. 

4345-0 

4848-9 

Weak,  fine. 

4383*5 

4333-5 

f  4335  -9 1 
I  4830 -8  r 

Faint. 
Faint. 

•  *  Phil.  Trans.,*  toI.  175,  p.  63, 1884. 
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L 

IL 

in. 

4300-5 

4302-0 

VwyWut. 

4S9P-0 

*S77-0 

4i75-8 

Funt.  Dobuloiw. 

«72-0 

4S7S-0 

4274-3 

TMjtot,.b«rp. 

4366  0 

4266-0 

42AS-4 

Very  faint. 

4251 -S 

4261-6 

4353 '4 

F.bt. 

4ass-5 

4S28-9 

Fkirlj  strans,  nebuloui. 

4301-0 

4301-0 

4206-3 

4196  0 

41!*9-0 

4197-9 

F»int.  nrbulou*. 

4191  -6 

4191  -C 

4189-3 

Wok,  *hup. 

4183  0 

4183  0 

4185  1 

W(^,  J.«T,. 

4164-6 

4164 -S 

4169  a 

Wmk.  ufbulous- 

4159-6 

4169 -5 

4167-9 

4131  -S 

4132 -a 

Fairlr  ttning,  ftof. 

410G'0 

f  4104 -31 
1*102  6  J 

Fairl>  ilrong.  fiar. 

Fwrly  «liung,  flna. 

4072-6 

4071  4 

Strong,  fin  p. 

4033  0 

4034-4 

Wnk,  nc^buloui. 

a»67'8 

3967-8 

Flint ,  flnf. 

3!I43'6 

3»44'6 

893!  -8 

3933  9 

Verj  fiunt. 

3928-6 

8929-0 

Very  f«nl. 

88ft2  0 

8fr92  -4 

Vprj  flint. 

8851-5 

3850  0 

Fkint,  fine. 

3803-6 

8804-0 

F.int,  flQB. 

(3771 -6) 

3TB0-8 

3782-1 

Flint,  fine. 

3770 -S 

3771  -6 

F«nt.  «ne. 

8738 '6 

8739-7 

Tor;  flint,  Rd«. 

3720-8 

3720  -6 

Strong,  fine. 

3587  0 

8589-6 

W«.k.  fine. 

3380  8 

3583-7 

Wmk,  fine. 

3575  0 

8576  -2 

W«k,  fine. 

3560-0 

3560-6 

Weik.  nebulous. 

3544  6 

3544-2 

Weak,  nebuloui. 

3513-6 

asii  -* 

Verj  flint,  fine.    , 

3490  0 

3480-7 

Weak,  fine. 

3475-7 

8478-1 

Funt,  On«. 

8453-6 

3iS6-t 

Very  flint,  flne. 

3388-0 

8389-9 

Fiirl?  •trong,  flne. 

3042-7 

8042-6 

Flint,  fins. 

2734 -5 

2783-8 

Flint,  fine.    StrongHt 
in   oentre,   tbioiiog 
aiTij  It  etch  end. 

It  will  appear  ttmt  these  lines,  which  approximate  bo  closely  to  a 
large  nnintor  of  lines  in  the  argon  spectrnm,  are  scarcely  likely  to 
do  so  by  mere  chance.  There  is  one  group  marked  hj  a  bracket  wLicli 
may  be  identified  in  the  epeetrnm  of  alnminiiun  in  the  '  J.  Chem. 
Soc.,'  vol.  41,  p.  90  (photographs).  It  will  be  seen  that,  compared 
with  others,  the  spectrnm  of  alnmininm  No.  4  is  rich  in  well-defined 
air  lines,  and  the  gronp  of  lines  referred  to  ia  that  lying  immediately 
below  the  space  between  the  moat  prominent  lines  in  the  first  or 
least<refraDgible  triplet  in  the  spectrnm  of  cadminm  No.  3.     Tlioy 
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are  well  seen  also  in  the  indinm  spectmm  No.  5  from  3850  to  3514*1. 
The  enlargements  of  these  prismatic  spectra,  however,  cannot  com- 
pare with  the  grating  spectra,  the  air  lines  being,  as  far  as  possible, 
suppressed  in  the  former. 

I  do  not  attribute  much  importance  to  the  fact  that  argon  gives 
two  spectra ;  the  red  appears  to  be  the  spectrum  of  the  first  order,  or 
the  spectmm  of  the  lower  temperature  which  corresponds  thereto  ; 
the  blue  is  the  line  spectrum,  or  spectrum  at  the  higher  tem- 
perature. 

I  have  photographed  simultaneously  from  the  same  spark  the  two 
spectra  of  nitrogen  as  rendered  bj  atmospheric  air. 

It  is  therefore  more  likely  that  argon  is  one  substance  and  not  two. 
Whether  it  is  a  compound  or  an  element  is  a  question  into  which  the 
following  considerations  may  enter.  There  are  at  present  nongaseous 
substances  known  which  can  withstand  the  temperature  of  the 
condensed  spark  without  exhibiting  the  spectra  of  one  or  other  of  the 
elements  of  which  it  is  composed.  If,  therefore,  argon  were  N,  it 
would  disclose  the  spectrum  of  nitrogen.  As  the  spectrum  is  not 
that  of  any  known  substance,  it  follows  that,  if  a  compound,  it  must 
be  a  compound  of  a  new  element. 

A  Letter  from  Prof.  Fitzgbbald  upon  the  Atomicity  of  Argon  was 
read. 
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February  7,  1895. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 

Treasurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  "  The  Oscillations  of  a  Rotutitig  Ellipsoidal  Shell  con- 
taining Fluid.'*  By  S.  S.  Hough.  Communicated  by  Sir 
R.  S.  Ball,  F.R.S.    Received  January  18, 1895. 

(Abstract.) 

The  paper  contains  an  application  of  the  analysis  used  by  M. 
Poincare,  in  his  memoir  "  Sur  T^quilibre  d'une  masse  fluide  animee 
d*un  mouvement  do  rotation,'**  to  the  determination  of  the  free 
oscillations  of  a  system  consisting  of  a  fluid  mass  contained  within  a 
rigid  ellipsoidal  envelope,  rotating  about  one  of  its  principal  axes. 
It  is  found  that,  when  such  a  system  is  oscillating  in  one  of  its 
fundamental  modes,  the  disturbances  of  the  fluid  are  all  expressible 
by  means  of  Lame  functions,  the  f auctions  involved  being  all  of  the 
same  order ;  and  a  method  of  obtaining  the  frequencies  of  these 
oscillations,  similar  to  that  used  by  M.  Poincar^  for  a  fluid  ellipsoid 
with  a  free  surface,  is  given. 

The  oscillations,  however,  which  involve  Lame  functions  of  the 
second  order,  demand  exceptional  treatment  in  consequence  of  the 
fact  that  these  alone  imply  any  disturbance  of  the  containing  shell. 
Poincare's  analysis,  with   slight   modifications   to   adapt   it   to   the 

*  '  Acta  Matheiaatica,'  vol.  7. 
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problem  in  hand,  enables  ns  to  determine  an  expression  for  the  flnid 
pressure  at  all  points  on  the  boundary  in  terms  of  the  disturbances 
communicated  to  the  shell.  From  this,  the  couples  on  the  shell,  due 
to  the  fluid  pressure,  are  estimated  and  introduced  into  the  dynamical 
equations  of  motion  of  the  shell.  A  frequency  equation  of  the 
6th  degree  is  derived,  apparently  involving  three  fundamental  modes 
of  oscillation.  The  equation,  however,  is  found  to  be  satisfied  by  the 
frequency  of  rotation  of  the  system,  and  the  corresponding  oscillation 
is  shown  not  to  be  real  but  to  arise  (analytically)  only  in  consequence 
of  the  motion  of  the  axes  of  reference.  We  are  left  with  two  funda- 
mental modes. 

The  case  where  the  inertia  of  the  shell  is  negligible,  compared 
with  that  of  the  fluid,  is  of  analytical  interest,  and  can  be  approxi- 
mately realised  physically  by  means  of  a  liquid  gyrostat  ('  Nature,' 
vol.  15,  p.  297)  mounted  in  such  a  way  that  its  centre  of  gravity  is 
held  at  rest.  When  the  axis  of  rotation  is  an  axis  of  symmetry,  the 
roots  of  the  frequency  equation  will  be  real,  and  the  motion  therefore 
stable,  either  when  this  axis  is  the  least  axis,  or  when  it  exceeds 
three  times  the  equatorial  radius.  When,  however,  the  figure  is  not 
one  of  revolution,  the  analytical  conditions  of  stability  are  not  so 
simply  expressible,  but  they  will  always  be  satisfied  when  the  axis  of 
rotation  is  the  least  axis,  or  when  it  exceeds  three  times  either  of  the 
other  axes. 

On  taking  into  account  the  inertia  of  the  shell,  the  discussion  is 
conOned  to  the  case  where  the  ellipsoid  is  approximately  spherical, 
and  the  solutions  of  the  frequency  equation  then  assume  a  simple 
form.  Of  the  two  modes  of  oscillations,  the  motion  of  the  shell  in 
one  is  analogous  to  the  motion  of  a  rigid  body  when  slightly  dis- 
turbed from  a  motion  of  rotation  about  a  principal  axis,  but  the 
period  is  found  to  be  shoi-ter  than  it  would  be  were  the  fluid  solidi- 
fied ;  the  other  exists  only  in  consequence  of  the  contained  fluid. 

The  former  of  these  presents  the  greater  interest.  It  has  been 
supposed  that  if  the  axis  of  rotation  of  the  earth  were  displaced 
from  its  axis  of  figure,  an  oscillatory  motion  would  ensue  which 
would  give  rise  to  a  variation  in  the  latitude  of  places  on  the  earth's 
surface  in  a  period  of  305  days.  Becent  observations  {vide  Chandler, 
*'  Astronomical  Journal,'  vols.  11,  12)  have  proved  that  such  an  oscil- 
lation is  taking  place,  but  that  the  theoretical  estimate  of  the  period 
is  considerably  too  short.  This  pfxper  was  undertaken  with  the  object 
of  investigating  whether  the  extension  of  the  period  could  be  ex- 
plained by  supposing  that  the  earth  possessed  a  fluid  interior,  in 
accordance  with  a  suggestion  made  by  M.  Folic  Q  Acta  Mathematica,' 
Yol.  16).  It  is  shown  that  the  hypothesis  of  a  fluid  interior  leads 
to  a  result  directly  opposite  to  that  which  observation  requires,  and 
that,  therefore,  the  discovery  of  the  variations  of  latitude  so  far  from 
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establishing  the  existence  of  a  fluid  interior,  as  supposed  bj  M. 
Folie,  rather  affords  an  additional  reason  for  discarding  this  hypo- 
thesis. 


11.  "On  the  Abelian  System  of  Differential  Equations,  and 
their  Rational  and  Integral  Algebraic  Integrals,  with  a 
Discussion  of  the  Periodicity  of  Abelian  Functions."  By 
Rev.  W.  R.  Westropp  Roberts.  Communicated  by  Rev. 
G.  Salmon,  D.D.,  F.R.S.    Received  January  17, 1895. 

(Abstract.) 

Before  entering  on  the  discussion  of  the  Abelian  system  of 
differentia]  equations,  I  treat  of  some  general  algebraic  theorems 
having  reference  to  the  differences  of  various  sets  of  "  facients,"  and 
give  a  wider  definition  to  the  term  *^  soorce,"  hitherto  used  to  signify 
the  source  of  a  covariant,  and  treat  of  two  operators,  B  and  A. 

I  then  show  how,  by  forming  what  I  call  a  "  square-matrix,"  all 
the  conditions  can  he  obtained  which  are  fulfilled  when  a  polynomial 
/(2)  of  the  degree  2n  in  ;?  is  a  perfect  square.  With  regard  to  these 
conditions,  I  remark  that  any  one  of  them  being  given  all  the  others 
can  be  found  by  successive  operations  of  the  operator  S. 

I  next  treat  of  the  system  of  differential  equations  termed 
"Abelian,"  in  which  there  are  m  quantities  and  m— 1  equations, 
comprehended  in  the  typical  form 

where  2  relates  to  the  m  quantities  2^1,  ;rs, .... ,  ««,  and  t  may  have  any 
integer  value  from  i  =  0  to  t  =  m— 2,  it  being  understood  that  /(«) 
is   a   polynomial   of    the   degree    2  m  in  z ;    and   I   show   that,   if 

/■(z)=a?»«-fPi2*'«-»  +  P.«*"*"^-|- Pj*,   be   reduced  to  the  degree 

2y>i— 2  in  z  in  the  following  manner — 

/ («)  +  {<t>  (')V-H  W  .  L  (0  =  F  (»). 
where 


'»> 


p 

and  liiz)  =««+-T^«"'"HX22f»-^+X,««-«+....  +X«, 

X2,  V3,  • .  • . ,  Xm  being  m— 1  arbitrary  constants,  all  the  rational  a: id 
integral  algebraic  integrals  of  the  Abelian  system 
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are  immediately  found  by  forming  the  "  sqnare-matrix  "  for  P  (z)  and 
80  obtaining  the  conditions  that  IB^  (z)  shonld  be  a  perfect  sqnare. 
The  various  relations  so  found  connecting  the  quantities  j9i,j92, ....  ,p«, 
and  m  —  l  arbitrary  quantities  Xj,  . . . . ,  Xm,  are  algebraic  integrals  of 
the  above  system  of  differential  equations,  and  are  all  rational  and 
integral.  I  then  apply  the  general  theorem  to  the  case  m  =  2,  or  the 
case  of  elliptic  int^rals,  and  easily  deduce  the  result  given  by  Cayley 
in  his  work  entitled  an  '  Elementary  Treatise  on  Elliptic  Functions  ' 
(p.  340). 

I  next  apply  the  theory  to  the  case  of  m  =  8,  and  deduce  two 
algebraic  integrals,  and  show  how  the  remaining  relations  may  be 
found,  and  lastly  to  the  case  m  =  4. 

The  next  subject  treated  of  is  the  source  of  F  (z),  from  which  we 
derive  a  difEerential  equation  which  I  call  the  fundamental  equation 
in  the  theory  of  Abelian  integrals  and  functions,  as  its  integral  leads 
us  to  a  form  which,  when  operated  on  by  ^,  leads  us  to  a  new 
algebraic  equation,  which  again  leads  to  another  by  a  second  applica- 
tion of  the  operator.  By  this  method  I  obtain  a  number  of  interest- 
ing results,  many  of  which  are  now  given  for  the  first  time,  as  far  as 
I  am  aware. 

I  then  define  Abelian  functions  and,  by  a  method  of  treatment 
depending  on  what  precedes,  show  that  they  are  periodic  functions 
and  determine  their  periods. 

We  have  at  first  sight  2  771—1  independent  periods,  and  I  reduce 
them  to  2  m— 2  by  an  easy  application  of  the  foregoing  theory. 

The  above  is  a  short  abstract  of  what  my  paper  contains,  the  most 
important  portions  of  it  being  (a)  the  determination  of  the  algebraic 
integrals  in  a  rational  and  integral  form ;  (b)  the  easy  proof  of  the 
periodicity  of  Abelian  functions. 

I  omit  from  this  paper  a  discussion  of  the  case  in  which  the 
number  of  variables  exceeds  tti,  as  likely  to  make  my  communication 
too  lengthy. 

III.    "On  the  Application  of  the   Kinetic  Theory  to  Dense 

Gases  "   By  S.  H.  Burbury,  F.R.S.   Received  January  12, 

1895. 

(Abstract.) 

1.  Start  with  Clausius'  equation 

IpV  =  Tr+i22Rr, 

in  which  p  denotes  pressure  per  unit  of  area,  V  volume,  and  Tr 
kinetic  energy  of  relative  motion.  Also  R  is  the  repulsive  force,  r  the 
distance  between  the  centres  of  two  spheres,  and  the  summation 
includes  all  pairs. 
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2.  Evaluate  SSRr,  on  the  assumption  that  no  forces  aot  except 
during  collisions.     That  gives 

22Rr  =  |ir6»/>.2/>Tr, 

c  being  the  diameter  of  a  sphere  and  p  the  number  of  spheres  in  unit 
of  volume. 

Let  l*'cV  =  *• 

Then  22Rr  =  it.2/5Tr, 

and  l>  =  |(l  +  «)/>Tr. 

3.  This  suggests  that  we  should  take  for  our  law  of  distribution  of 
energy,  not  €"*t^  as  in  a  rare  medium,  but  e'"*n'+KT,), 

4.  To  test  that  suggestion,  consider  the  case  of  an  infinite  vertical 
column  of  gas  subject  to  a  constant  vertical  force  /.  We  have,  if  s 
be  the  height  above  a  fixed  horizontal  plane,  dp/ds  =  -—Mfp, 

Assuming  for  the  moment  the  whole  energy  to  be  that  of  relative 
motion  Tr,  that  gives 

i^(iTT^TO  =  -M/>. 

Now  K  contains  />  as  a  factor.  If  we  make  Tr  constant,  as  in  the  rare 
medium,  the  equation  is  impracticable.  But  make  1  +  icTr  constant 
=  3/2A,  and  we  get  the  usual  equation  p  =  /Joe"*^'*  po  being  the  value 
of  p  when  «  =  0. 

6,  6,  7,  8.  Now  consider  N  spheres  crossing  the  plane  «  =  0,  with 
u  for  vertical  component  of  velocity.  Of  these  some  will  undergo 
collision  before  reaching  ds.  But  an  equal  number  will  be  substituted 
for  them  with  the  same  vertical  velocity,  but  with  a  small  average 
advance  in  position  in  direction  s,  owing  to  the  finite  diameter  c.  It 
is  shown  that  on  average  of  the  N  spheres  this  advance  is  xds^  and, 
therefore,  the  class  of  N  spheres,  original  or  substituted,  will  at  the 
end  of  the  time  dsju  be  at  the  height,  not  ds,  hut  on  average  (l-{'K)ds. 
But  their  loss  of  kinetic  energy  by  the  action  of  the  force  /  is  only 
Mfds.  And,  therefore,  the  loss  due  to  the  height  ds  is,  allowing  for 
substitutions,  M/(£«/l-f  «.  

9,  10.  Hence  we  find  that  the  assumption  l  +  cTr  =  3/2^  satisfies 
all  the  conditions  of  equilibrium  in  exactly  the  same  way  as  in  the 
rare  medium  Tr  =  3/2^.  satisfies  them. 

11.  The  result  can  now  be  generalised  by  introducing  stream 
motion,  the  energy  of  which  is  T„  as  well  as  that  of  relative  motion 
Tr,  and  we  find  that  T  +  icTr  must  be  constant  throughout  the  column. 
Say,  now,  T  +  fTr  =  3/2A. 

12,  13.   I  have  given  elsewhere  ('  Science  Progress,'  November^ 
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1894)  reasons  for  assnming  as  the  law  of  distribution  of  velocities 
among  n  spheres  the  expression 

in  which  the  coefficients  have  yet  to  be  determined. 

14,  16.  The  "  a  "  coefficients  must  be  all  positive,  the  "  h  "  coeffi- 
cients all  negative ;  and  the  h  coefficients  express  the  fact  that  the 
pairs  of  velocities  to  which  they  relate  are  not  independent ;  and  the 
ft's,  being  negative^  express  the  fact  that  the  two  velocities  are  more 
likely  to  be  of  the  same  than  of  opposite  signs,  so  that  there  will  be 
on  the  average  of  any  group  of  contiguous  spheres  a  greater  common 
or  stream  motion  than  there  would  be  were  the  velocities  all  inde- 
pendent. 

16.  The  coefficients  h  must  generally  diminish  as  the  distance  be- 
tween the  two  spheres  to  which  they  relate  increases,  becoming 
evanescent  when  that  distance  is  great  enough. 

17.  If  the  chance  for  a  group  of  n  spheres  be  of  the  form  C6~*Q«, 
and  for  a  group  of  n— '1  spheres,  part  of  the  n  spheres,  Ce"*^— >,  Q„ 
and  Qm.1  must  be  connected  by  the  relation 


to 

ill 


If  we  effect  the  integration  for  one  variable  we  find,  if 

Qii-i  =  aW-j-ViaUitta-haW+Ao., 

in  which  2a'i  =  2ai—  --^ ; 

2(1% 

Vi%  =  hi% — - — ;  4c. 

2au 

This  shows  that  as  n  diminishes  the  a  coefficients  diminish,  and 
since  every  h  coefficient  is  negative  the  5's  increase  in  absolute  value, 
so  that  the  ratios  hh'ja  or  h^la  increase.  On  the  other  hand,  as  n 
increases  the  a's  increase,  and  the  squares  and  products  of  the  form 
6'  or  hh'  diminish.  Whence  it  is  inferred  that  as  n  increases  the 
function 

tends  to  assume  a  limiting  form.  This  limiting  form  must  be  T  when 
K  =  0,  and  must  be  such  as  to  make  Tr  less  than  it  would  be  were  all 
the  velocities  independent.     It  may  then  be  assumed  to  be  T  +  xTr. 
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18,  19.  Assuming  the  law  to  be  6~*<''^+ «''''),  we  have 

\         n      I  2     n  n 

and,  forming  the  determinant, 

Tx        /     .  »~"1    \      K      K 

D  =  H- * 

\         n      I     n     n 

»*  \         n       /     » 
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•  •  •  •  •  • 


With  Dn,  Dia,  &c.,  for  minors,  we  find 


n 


Da  =  D«  =  &C.  =  (l-f-ic)*-*— »  — 1-  (l  +  ie)"-* 


n  +  r 


7» 


(!  +  «)•-", 


and  therefore 


f*!*  =  ui*  =  Ac. 


1     Dn 


And  since  v'  and  i/?'  have  corresponding  valnes,  therefore 

--  3rf— -        8      n  +  K 

These  results  are  easily  obtained  by  considering  the  general  deter- 
mi  nan t. 

2a     h    5  •  • . . 


D  = 


h    2a    2>  •  • .  • 


It  will  be  found  for  n  =  2,  n  =  3,  and  thence  by  induction  for  all 

values  of  n,  that  D  =  (2a— 6)*4-»6(2a— 6)""^     Whence,  replacing 

n  —  1                            K 
2a  by  1 H «c,  and  5  by ,  we  get  the  results  above  stated. 


n 


806     Application  of  tlie  Kinetic  Theory  to  Dense  Gases.     [Feb.  7, 

Again  we  find 

-—  _  3  w  — 1 

and  nT,  =  nT-nTr  =  ^ » 

and    therefore  =7  =  — ; — ,  which  increases   as   k  increases,  that  is 

T        n-f-« 

ceteris  paribus  as  the  diameter  of  the  spheres  increases.         ^ 

Again  the  mean  pressure  per  tinit  of  area  isp  =  f  (1 4-«)/>Tr,  which 

is  independent  of  c.     For  a  system  of  material  points  p  =  ipTr,  that 

is  |(l  +  ic)/>Tr,  since  in  this  case  k  =  0.     As  the  spheres  increase  in 

diameter  with  (l  +  «c)Tr  constant,  p  remains  constant. 

The  number  of  collisions  per  unit  of  volume  and  time  varies  as 

c'  "/Tn  that  is,  as  —7^==:-  and  is,  therefore,  less  than  it  would  be  if, 

Vl  +  K 

with  the  same  diameter,  the  spheres  had  velocities  independent  of 
each  other. 

20.  It  follows  from  the  fact  that  p  is  independent  of  k,  that  local 
variations  of  density,  that  is  of  k,  involve,  on  the  whole,  no  expendi- 
ture of  work,  and  will,  in  fact,  come  into  being. 

21.  The  effect  of  collisions  between  the  spheres  is  now  considered 
directly,  to  show  how  we  obtain  the  known  results  that  collisions 
between  members  of  a  group  of  spheres  tend  to  reduce  the  group  to 
the  *'  special  state  "  in  which  Tr  is  constant  throughout  the  group. 
Let  the  component  velocities  of  two  spheres  be  Xiy\Zi  Xty^  before 
collision  and  x'iy\z\  x\y\z\  after  collision.  Then,  if  the  two  are 
members  of  a  group  and  the  chance  that  the  members  of  the  gi*oup 
shall  have  assigned  velocities  is  ce"*^,  in  which 

Q  =  ax^ -^'bxix^'\- ax^ '\- &G,f 

the  a  coefficients  being  all  alike  and  the  5*8  all  alike,  we  find  that 
the  chance  for  the  velocities  after  the  collision  is  C6~^^,  in  which 
Q'  is  the  same  function  of  a/io/a,  &c.,  that  Q  is  of  XiX^,  &c.  This 
shows  that  the  distribution  is  not  disturbed  by  collisions  if  all  the 
a's  are  alike  and  all  the  2>'s  alike.  The  group  is  in  the  special 
state. 

22.  But  if  the  a's  differ  from  each  other  or  the  &*s  differ  from  each 
other,  it  is  shown  that  collisions  tend  to  reduce  them  to  equality,  a 
with  a  and  h  with  h ;  that  is  to  reduce  the  group  to  the  special  state. 

28.  Boltzmann's  minimum  function  tends  to  diminish  by  collisions, 
finally  becoming  constant  for  any  group  of  contiguous  spheres,  when 
Tr  becomes  uniform  throughout  the  group.  On  the  other  hand,  as 
the  group  becomes  too  large,  the  spheres  composing  it  develop  an 
opposite  tendency  to  split  up  into  smaller  groups,  each  with  some 
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small  stream  mofcion  relative  to  the  others,  and  so  to  diminish  the 
mean  pressure  and  the  nomber  of  collisions  per  nnit  of  time.  The 
actaal  state  of  the  medium  is  a  compromise  between  the  two  opposite 
tendencies. 
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Royal  Institution  of  Great  Britain.      Reports  of  the  Weekly 

Evening  Meetings.     April — Jane,  1894.     8vo.     London, 

The  Institution. 
Royal  Photographic  Society.     Journal  and  Transactions.     Vol. 

XIX.    No.  5.    8vo.    London  1895.  The  Society. 

Society  of  Arts.    Journal.   July — December,  1894.    8vo.   London. 

The  Society. 
Society  of    Biblical    Archaaology.      Proceedings.      Vol.    XVI. 

Part  10.     8vo.     London  1894.  The  Society. 

Society  of  Chemical    Industry.     Journal.     Vol.  XIII.      Nos. 

5—12..    8vo.     London  1894.  The  Society. 

Munich : — ^Akademie  der  Wissenschaften*    Abhandlungen.   Math.- 

Phys.  Classe.    Band  XVIII.    Abth.  3.    4to.     Miinchen  1895  ; 

Ueber  die  Bedeutung  wissenschaftlicher  Ballonf ahrten :     Fes- 

trede.     Von.  L.  Sohncke.    4to.     Miinchen  1894. 

The  Academy. 
New  York: — American    Geographical    Society.     Bulletin.     Vol. 

XXVI.   No.  4.  Part  1.   870.   New  York  1894.         The  Society. 
Paris: — Academic    des    Sciences.     Comptes   Rendus.     Juillet — 

D6cembre,  1894.     4to.     Paris.  The  Academy. 

£cole   Normale  Sup6rieure.     Annales  Scientifiques.      S6rie  3. 

Tome  XI.     Supplement.     4U).     Paris  1894.  The  School. 

Society    de  Biologic.      Comptes  Rendus.      Juillet — D6cembre. 

1894.     8vo.     Paris.  The  Society. 

Soci6te  d 'Encouragement  pour  I'lndustrie  Nationale.     Bulletin. 

Mai — D6cembre,    1894.     4to.     Paris;     Compte    Rendu    des 

Seances.     1894.     Nos.  11 — 18.     8vo.     Paris.        The  Society. 
Soci6te  de  Geographic     Comptes  Rendus  des   Stances.     1894. 

Nos.  13 — 19.     8vo.     Paris.  The  Society. 

Societe    Fran9aise   de  Phjsique.      Bulletin  Bimensuel.     1895. 

870.     Paris.  The  Society. 

Societe  Geologique.     Compte  Rendu  des  Seances.     1894.     Nos. 

13—18.     8vo.     [Paris.li  The  Society. 

Societe  Philomathique.      Compte  Rendu  des  Seances.      1894. 

Nos.  15 — 19.     8vo.    Paris.  The  Society. 

Philadelphia : — Academy  of  Natural  Sciences.    Proceedings.  1894. 

Pp.  89—320.     8vo.     Philadelphia.  The  Academy. 

Franklin    Institute.      Journal.    July — December,    1894.      8to. 

Philadelphia.  The  Institute. 
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Transactions  {continued), 
Pisa: — Society  Toscana    di    Scienze    Natnrali.      Atti.      Processi 

Verbali.    Vol.  IX.    Pp.  133—192.    Svo.     [Pwa]  1894. 

The  Society. 
Borne: — Reale    Accademia    dei    Inncei.      Rendiconti.      Serie    5. 

Vol.  III.     Semesfcre  1.  Fasc.  9—12.  Semestre  2.  Fasc.  1—12. 

8vo.     Boma  1894.  The  Academy. 

Santiago: — Sociedad  Nacional  de  Mineria.      Boletin.     Ano  XI. 

No.  72.     4to.     Santiago  de  Chile  1894.  The  Society. 

Stockholm : — ^Kongl.  Vetenskaps-Akademie.    Of  versigt.     Arg.  LI. 

No.  9.     8vo.     Stockholm  1894.  The  Academy. 

Sydney : — Linnean  Society  of  New   South   Wales.     Absti^act  of 

Proceedings.  May — October,  1894.  8vo.  Sydney.   The  Society. 
Tokio : — College  of  Science.     Imperial  University.     Journal.     Vol. 

VII.     Parts  2, 3.     4to.     Tokyo  1894.  The  University. 

Turin : — R.  Accademia  delle  Scienze.    Atti.    Vol.  XXX.     Disp. 

I — L    8vo.     Torino  1894.  .  The  Academy. 

Vienna : — Kais.  Akademie  der  Wissenschaf ten.     Anzeiger.    Jahrg. 

1894.    Nos.  16—27.     8vo.     Wien.  The  Academy. 


Observations  and  Reports. 

Calcutta: — Meteorological  Department  of  the  Government  of 
India.  Indian  Meteorological  Memoirs.  Vol.  V.  Parts  4,  6. 
Folio.  Calcutta  1894 ;  Instructions  to  Observers  of  the  India 
Meteorological  Department.     8vo.     Calcutta  1894. 

The  Department. 

California : — State  Mining  Bureau.  Twelfth  Report  of  the  State 
Mineralogist.  (Second  Biennial.)  Two  years,  ending  Septem- 
ber 15,  1894.     8vo.     Sacramento  1894.  The  Bureau. 

Dublin : — General  Register  0£Bce.  Weekly  Return  of  Births  and 
Deaths.     July — December,  1894.     8vo.    Dublin. 

The  Office. 

Finland : — Geologiska  Undersokning.  Beskrifning  till  Kartbladets. 
Nos.  25,  26  [with  two  corresponding  Maps].  8vo.  Kuopio 
1894.  The  Commission. 

Kiel : — Ministerial  Kommission  zur  Untersuchung  der  deutschen 
Meere.  Ergebnisse  der  Beobachtungsstationen.  Jabrgang 
1893.  Hefte  I— VI.  4to.  Kiel  1894;  Wissenschaftliche 
Meeresuntersnchungen.  Neue  Folge.  Erster  Band.  Heft  1. 
Folio.     Kiel  1894.  The  Commission. 

Leeds : — Yorkshire  College.  20th  Annual  Report.  1893-94.  8vo. 
Leeds  1894.  The  College. 

Madrid : — Comisi<5n  del  Mapa  Geol6g^co.  Mapa  Geol6gico  de 
Espana.     [1  sheet.]     Madrid  [1895].  The  Commisaiow^ 
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Observations  and  Reports  (continued). 

Washington: — U.S.  Coast  and  Geodetio  Survey.     Report  of  the 
Saperintendent.     1892.     Fart  II.    8vo.     Washington  1894. 

The  Survey. 

U.S.  Patent  Office.     Official  Gazette.     Vol.  LXVIT.     No.  9— 

Vol.  LXIX.    No.  13.     8vo.     Washington  1894.        The  Office. 

Wellington,    N.Z. : — Registrar- General's    Office.       New    Zealand 

Statistics  for  1893.    Folio.     Wellington,  N.Z.  1894. 

Registrar- General. 


Journals. 

American  Chemical  Journal.    Vol.  XVI.    Nos.  6 — 8.    8vo.    BaU 

iimore.  The  Editor. 

American  Journal  of  Mathematics.    Vol.  XVI.    Nos.  3,  4.     4to. 

Baltimore  1894.  The  Editors. 

American    Journal    of    Science.       July — December,   1894.      8vo. 

New  Haven.  The  Editors. 

Analyst.     July — December,  1894.    8vo.    London. 

Society  of  Public  Analysts. 

Annalen    der    Physik   und   Chemie.     1894.      Nos.  7 — 12.     8vo. 

Leipzig ;  Beiblatter.     1894.     Nos.  6—12.     8vo.     Leipzig. 

The  Editors. 

Annales  des  Mines.    1894.     Idvr.  5 — 12.    8vo.    Paris. 

Ecole  des  Mines,  Paris. 

Annales    des    Ponts  et  Chauss^es.     1894.     Cahier  5 — 12.     8vo. 

Paris.  Ministere  des  Travaux  Publics,  Paris. 

Asclepiad.    Vol.  XI.    No.  42.     8vo.    London  1895. 

Sir  B.  W.  Richardson,  F.R.S. 

Astronomical  «Ioumal.  Vol.  XIV.    Nos.  7 — 20.   4to.   Boston  (Mass.) 

1894.  Smithsonian  Institution. 

Astronomic  (L').    Juillet — ^D6cembre,  1894.    8vo.    Paris. 

The  Editor. 
Athenaeum.    July — December,  1894.    4to.    London. 

The  Editor. 

Builder.     July — December,  1894.    Folio.    London. 

The  Editor. 

Chemical  News.    July — December,  1894.    8vo.    London. 

Mr.  W.  Crookes,  F.R.S. 

Cosmos.     Juillet — D^cembre,  1894.     4to.     Paris.  The  Editor. 

ficlairage   £)lectrique   (L*).     Tome  I.     Nos.  4—15.     4to.     Paris 

1894.  The  Publisher. 

Educational  Times.     July — December,  1894.    4to.     London. 

College  of  Preceptors. 

Electrical  Engineer.     July — December,  1894.    Folio.    London. 

The  Editor. 
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Jonnuds  (eoniinMed). 

Electrical  fieTiew.    J11I7 — Deoember,  1891.    Folio.    Ltmdcm. 

The  Editor. 
Electrician.    Jalj — December,  1894.    Folio.    London. 

The  Editor. 
Electricien  (L').     Jaillet — ^D^oembrOy  1894.    Folio.    Pan$. 

The  Editor. 
HorologioaUoanial.   Vol.  XXXYII.   No.  438.    8^0.   London  IS9I^. 

British  Horologioal  Institato. 
Indnstriee  and  Iron.     Jalj — December,  1894.    4to.    London. 

The  Editor. 
Meteorologische  Zeitschrif  t^    1894.   Heft  6— 12.   Sm.  Folio.  Wien. 

Oesterreichische  Gesellsohaft  fdr  Meteorologie. 
Morskoi  Sbomik.      1894.      Nob.   a— 11.      [Busnan.']      8vo.     St. 
Petersburg,  Compass  Observatoiy,  Cronstadt. 

Natnre.    Jnly — December,  1894.     Roy.  8vo.    London. 

The  Editor, 
Nature  Notes.    Vol.  VI.     No.  62.    8vo.    London  1895. 

The  Solbome  Society. 
New  York  Medical  Journal.    July — December,  1894.    4to.    New 
YorJf.  The  Editor. 

Observatory.     July — December,  1894.     8vo.    London. 

The  Editors. 
Physical  Review.    Vol.  II.    No.  4.     8vo.    New  York  1895. 

The  Editors. 
Revue   G6n6rale  des  Sciences.     Juillet — D^cembre,  1694.    8vo. 
Pans.  The  Editor. 

Revue  Scientifique.    Juillet — D^cembre,  1894.    4to.    Paris. 

The  Editor. 

Stazioni  Sperimentali  Agrarie  Italiane.     Vol.  XXVIII.     Faso.  1. 

8vo.     Modeaa  1895.  R.  Stazione  Agraria,  Modeua. 

Symons's   Monthly  Meteorological   Magazine.      July — December, 

1894.    8vo.    London.  Mr.  G.  J.  Symons,  F.R.S. 


Abney  (Capt.  W.  de  W.),  F.R.S.  Colour  Vision;  being  the 
Tyndall  Lectures  delivered  in  1894  at  the  Royal  Institution. 
8vo.     London  1895.  The  Author. 

Albert  1"  (Prince  de  Monaco)  Sur  les  Premieres  Campagnes 
Scientifiqnes  de  la  Princesse  Alice.     4to.     Paris  1895. 

H.H.  The  Prince  of  Monaco. 

Alfarabls  Abhandlung  der  Musterstaat ;  aas  Londoner  und  Oxforder 
Handschrifton  herausg.  von  Dr.  Friedrich  Dietorici.  8vo.  Leiden 
1895.  The  Editor. 


812  Prof.  Fitzgerald-     On  iJie  Equal  PaHition  of    [Feb.  14, 

Bickerton  (A.  W.)  Copies  of  letters  sent  to  *  Nature,'  on  "  Partial 
Impact."  8vo.  Ghriatchurch^  N.Z,^  1879 ;  Some  recent  evidence 
in  favour  of  Impact.     8vo.     Wellington^  N.Z.  1894. 

The  Author. 

Buchanan  (J.  Y.),  F.R.S.  Sur  la  density  et  I'alcalinite  des  eauz  de 
TAtlantique  et  de  la  M^diterranee.     4to.     \_Pari8  1895.] 

H.H.  The  Prince  of  Monaco. 

McClintock  (£.)  Theorems  in  the  Calculus  of  Enlargement :  a  method 
for  calculating  simultaneoosly  all  the  roots  of  an  equation.  4to. 
[Baltimore']  1894.  The  Author. 

Soscoe  (Sir  H.  E.)  &  Classen  (A.)  Boscoe-Schorlemmer's 
Lehrbuch  der  Anorganischen  Chemie.  Erster  Band.  Dritte 
Auflage.     Erste  Abth.     8vo.    Braunschweig  1895. 

Sir  Henry  Boscoe,  F.R.S. 

Vogel  (H.  C.)  Neuere  Untersuchungen  iiber  die  Spectra  der 
Planeten.     8vo.    Berlin  1895.  The  Author. 


February  14,  1895. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 

Treasurer,  in  the  Chair. 

The  Right.  Hon.  Horace,  Lord  Davey,  a  Member  of  Her  Majesty's 
Most  Honourable  Privy  Council,  was  admitted  into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  "  On  some  Considerations  showing  that  MaxwelPs  Theorem 
of  the  Equal  Partition  of  Energy  among  the  Degrees  of 
Freedom  of  Atoms  is  not  inconsistent  with  the  various 
Internal  Movements  exhibited  by  the  Spectra  of  Gases." 
By  Professor  G.  F.  Fitzgerald,  F.R.S.  Keceived 
February  7, 1895. 

It  has  been  generally  held  that  a  sufficient  freedom  of  internal 
motion  in  an  atom  to  explain  the  spectra  of  gases  proved  that  the 
theorem  as  to  equal  partition  of  energy  among  all  degrees  of  freedom 
could  not  hold,  and  various  suggestions  have  been  made  as  to  why 
the  proof,  as  given  by  Maxwell,  Boltzmann,  and  others,  fails  in  this 
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case.  Professor  Schuster  has  suggested  that  the  nnmerous  lines 
need  not  involve  the  same  namber  of  degrees  of  freedom,  as  it  is 
possible  that  there  may  be  connections  between  them  such  that  one 
or  two  co-ordinates  woald  define  a  motion  which  when  analysed  into 
its  Fourier  components,  as  is  done  by  a  grating  or  prism,  would  pro- 
duce a  very  complex  system  of  lines.  However,  even  one  degree  of 
internal  freedom  would  interfere  very  seriously  with  the  observed 
value  of  the  ratio  of  specific  heats,  and  the  object  of  this  letter  is  to 
explain  how  this  difficulty  may  be  surmounted  without  supposing 
that  the  theorem  as  to  equal  partition  of  energy  is  untrue,  for  it  is 
not  by  any  means  disproved  because  a  certain  form  of  proof  fails  in 
certain  cases. 

It  has  been  long  held  that  the  motion  of  the  electrons  on  neigh- 
bouring atoms  is  very  much  controlled  by  the  ether  between  them. 
The  wave-length  of  light  is  generally  many  times  as  great  as  the 
molecular  distances,  so  that  the  ether  is  a  practically  rigid  connector 
between  neighbouring  electrons.  Suppose  now,  as  a  particular 
example,  that  10®  atoms  are  in  this  sense,  and  so  far  as  the  motion  of 
electrons  is  concerned,  within  one  another's  control.  In  this  case 
the  motion  of  these  10*  electrons  might  be  defined  by  means  of,  say, 
three  co-ordinates.  Hence,  if  the  atoms  were  spheres,  there  would 
be  3x10'  degrees  of  freedom  plus  these  three  degrees  defining  the 
motions  of  all  the  electrons.  Now,  if  the  total  energy  be  equally 
distributed  among  all  these  degrees  of  freedom,  each  atom  will  only 
have  its  share  of  the  electromotions,  and  its  energy  of  external 
motion  will  only  be  diminished  by  3  x  lO^Hh  part  owing  to  the 
existence  of  the  internal  motion  of  its  electrons.  I  need  hardly  say 
that  our  methods  of  calorimetry  are  by  no  means  sufficiently  delicate 
to  detect  anything  of  this  kind.  There  might  be  a  thousand  such 
internal  degrees  of  freedom,  and  yet  the  ratio  of  specific  heats  would 
agree  with  observation. 

There  is  some  analogy  between  this  suggestion  and  the  case  of  a 
sphere  moving  in  a  liquid.  The  presence  of  the  liquid,  although 
apparently  endowed  with  an  infinite  number  of  degrees  of  freedom, 
does  not  really  increase  the  degrees  of  freedom  at  all,  because  its 
motion  is  entirely  defined  by  the  motion  of  the  sphere.  In  a  some- 
what similar  manner,  I  woald  suggest  that  the  presence  of  the 
million  electrons  does  not  sensibly  increase  the  degrees  of  freedom  of 
motion  of  the  million  atoms,  as  all  their  motions  may  be  defined  in 
terms  of  the  motion  of  a  few  of  them.  That  the  ether  would  so 
control  the  motions  of  electrons  seems  almost  certain  from  what  we 
know  of  the  rapidity  with  which  electromagnetic  actions  are  trans- 
mitted by  it,  showing  how  completely  it  behaves  in  respect  of  them 
as  a  system  of  rigid  connections. 
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II.  "Contributions  to  the  Chemistry  of  Chlorophyll.  No.  VI." 
By  Edward  Schunck,  F.R.S.,  and  Leon  Marchlewski, 
Ph.D.     Received  January  25,  1895. 

The  preceding  memoir  on  the  chemistry  of  chlorophyll  contained 
the  resalts  arrived  at  in  the  analysis  of  phyllotaonin  and  its 
derivatives.  In  the  present  communication  it  is  proposed  to  give 
farther  details  regarding  the  properties  and  composition  of  alka- 
chlorophjll,  the  mother  substance  of  phyllotaonin,  on  which  will 
follow  an  account  of  some  products  of  decomposition  of  the  latter. 
Some  experiments  will  then  be  described  showing  the  connection 
between  phylloxanthin  and  phyllocjanin,  and  proving  that  the  former 
may  by  a  simple  process  be  converted  into  the  latter. 

In  order  to  determine  the  composition  of  alkachlorophjll,  it  was 
necessary  to  prepare  specimens  of  the  substance  purer  than  those 
previously  obtained,  which  were  only  just  sufficiently  pure  for  a 
determination  of  its  chief  properties.  For  this  purpose  we  employed, 
as  in  previous  experiments,  an  extract  of  grass  with  boiling 
alcohol. 

We  also  made  use  of  a  commercial  product  furnished  by  Merck  of 
Darmstadt,  under  the  name  of  **  Chlorophyllnm  purissimum,"  which, 
on  examination,  turned  out  to  be  not  exactly  what  its  name  would 
betoken,  but  a  very  impure  alkachlorophyll. 

In  the  case  of  grass,  the  iirst  part  of  the  process  was  the  same  as 
that  described  in  the  fourth  memoir  of  this  series,  and  the  details  may 
therefore  be  omitted  here.  The  sodium  salt  of  alkachlorophyll  of  this 
process  was  treated  for  some  time  with  a  mixture  of  equal  parts  of 
absolute  alcohol  and  ether,  in  order  to  remove  the  fatty  acid  soaps 
present.  The  sodium  salt  was  then  decomposed  in  the  manner 
previously  described,  and  the  free  alkachlorophyll  obtained  having 
been  dissolved  in  ether,  the  solution  was  mixed  with  ligroin. 

The  latter  preci{)itated  the  alkachlorophyll,  the  fatty  acids  still 
present  remaining  dissolved.  The  solution  in  ether  and  precipitation 
with  ligroin  was  twice  repeated,  and  the  resulting  product  was  treated 
several  times  with  small  quantities  of  boiling  ligroin. 

The  product  supplied  by  Merck,  after  being  treated  for  some  time 
with  alcoholic  soda,  was  submitted  to  the  same  process  as  that  juht 
described. 

The  substance  dried  at  125**  yielded  on  analysis  the  following 
results,  the  first  two  determinations  being  made  with  the  product 
from  grass,  the  third  with  that  from  Merck's  "  Chlorophyll." 

I.  01875  gram  substance  gave  0*4813  gram  COa  and  0*1101  gram 
HaO. 
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0*1968  gram  substance  gave  197  c.c.  of  nitrogen  at  23°  and  745  mui. 
pressure. 

II.  0*1744  gram  substance  gave  0*4478  gram  COj  and  00974  gram 
H,0. 

0*2293  gram  substance  gave  23*3  c.c.  of  nitrogen  at  24°  and  764  mm. 
pressure. 

III.  0*2145  gram  substance  gave  0*5500  gram  COj  and  0*1242  gram 
HaO. 

01072  gram  substance  gave  10*70  c.c.  of  nitrogen  at  21"  and  757  mm. 
pressure. 

These  numbers  correspond  in  100  parts  to — 

I.  II.  III.  Mean. 

C 70*00        7000        69  98        69*97 

H 6*52  6*20  6*43  6*37 

N 1103        11-43        11*31        11-27 

There  are  two  formulaB  with  which  these  numbers  agree  equally 
well,  viz.,  CaoHjiNiOi  and  C88H47N7O7,  reqairing  respectively 

CaoHj4Nj04.  C52HS7N7O7. 

C 70*04  70-12 

H 6*61  6*39 

N 10-89  10*99 

O 12-46  12-50 

Since  phjllotaonin,  with  the  formula  C4oH4oN«06,  is  formed  by  the 
action  of  acids  on  alkachlorophyll,  it  was  necessary  to  adopt  for  the 
latter  a  formula  with  no  less  than  6  atoms  of  nitrogen.  The  second 
of  the  above  formulae  meets  this  requirement. 

The  formation  of  phyllotaonin  from  alkachlorophyll  by  the  action 
of  acids,  supposing  the  process  to  be  one  of  simple  hydrolysis,  might 
be  represented  by  the  following  equation  : — 

That  a  small  qaantity  of  a  product  of  a  basic  nature  probably  con- 
taining nitrogen  is  formed  along  with  phyllotaonin,  by  the  action  of 
acids  on  alkachlorophyll,  has  already  been  mentioned  in  the  fourth 
memoir  of  this  series,  but  we  have  not  been  able  to  throw  any  more 
light  on  the  nature  of  this  product.  That  some  substance  containing 
nitrogen  must  be  formed  together  with  phyllotaonin  in  the  decom- 
position, is  also  indicated  by  the  equation  just  given,  but  whether 
the  formula  CiaHigNOi  represents  one  substance  only,  or  a  mixture  of 
several,  is  doubtful. 

The  properties  of  alkachlorophyll  have  been  already  described,  and 
need  not  therefore  be  referred  to  here.  The  action  of  alkalis  on  it  at 
a  high  temperature  may  however  be  briefly  described. 

VOL.   LVil.  ^  >»^ 
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When  a  solution  of  alkaclilorophyll  in  alcoholic  potash  is  heated  in 
a  sealed  tube  for  several  hours  at  190—200**  it  is  decomposed  ;  on 
opening  the  tube  no  pressure  is  perceived. 

The  contents,  consisting  partly  of  small  brownish-red  crystals, 
havinjjr  been  poured  out,  an  excess  of  hydrochloric  acid  is  added ;  this 
dissolves  a  part,  yielding  a  purple  solution. 

The  latter  is  filtered  off  from  the  undissolved  brown  mass,  and 
aft«r  being  nearly  neutralised  with  soda,  yields  on  agitation  with  ether 
a  solution  of  a  fine  crimson  colour.  The  ethereal  solation  after 
washing  with  water  leaves  on  evaporation  a  quantity  of  small  crystals. 
The  substance  so  obtained  is  identical  with  the  one  formed  by  the 
same  process  from  phyllotaonin  and  which  will  be  described  presently. 
It  seems  also  to  be  essentially  the  same  as  that  obtained  by  Tschirch 
in  acting  on  alkachlorophyll  with  alkali,  and  called  by  him  "phyllo- 
porphjric  acid,"  but  a  comparison  of  the  absorption  spectrum  of  the 
latter  as  described  by  him  with  that  of  our  substance  shows  that  his 
product  must  have  been  impure.  This  is  evident  from  the  fact  that 
the  absorption  spectrum  of  Tschirch's  product  shows,  according  to 
him,  a  band  in  the  red  about  in  the  same  position  as.  band  I  of  the 
chlorophyll  spectrum,  wherenj*  this  band  though  visible  in  solutions 
of  our  substance  when  the  latter  is  not  quite  pure,  disappears  entirely 
in  solutions  of  the  pure  substance. 

The  liquid  filtered  off  from  the  products  insoluble  in  hydrochloric 
acid  of  the  process  just  described,  contains  in  combination  with  the 
acid  various  volatile  bases,  chiefly  ammonia.  In  one  experiment  the 
liquid,  after  being  made  alkaline  with  soda,  was  submitted  to 
distillation,  the  vapour  evolved  being  passed  into  dilute  hydrochloric 
acid.  The  acid  liquid  after  concentration  yielded  with  platinic 
chloride  a  yellow  precipitate,  which  was  collected,  treated  with 
boiling  alcohol,  and  dried. 

0*1031  gram  of  the  substance  gave  0*0451  gram  platinum  =  43*74 
per  cent. ;  calculation  for  (NH4),PtCl«  requires  43*90  per  cent. 

The  filtrate  from  the  platinum  ammonium  chloride  yielded,  on 
evaporation,  orange  coloured  octahedra,  containing  38*7  per  cent,  of 
platinum.  It  may  hence  be  inferred  that  along  with  ammonia  some 
base  of  higher  molecular  weight  is  formed  ;  the  quantity  is,  however, 
very  small. 

Phylloporphyrin, 

The  action  of  caustic  alkalis  on  chlorophyll  and  its  derivatives  has 
been  previously  investigated.  Hoppe-Seyler  obtained  by  acting  on 
his  chlorophyllan  with  alkali  at  260—290**  a  substance  giving  purplo 
solutions.  On  account  of  the  double  fluorescence  of  its  solutions 
observed  by  him  be  gave  it  the  name  of  "  dichromatic  acid."  The 
discoverer  states  that  it  contains  no  nitrogen,  the  analysis  of  the 
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barium  salt  leading  for  the  acid  to  the  formula  CmHmOs,  and  it  is,  he 
states,  a  very  nnstable  body.  The  absorption  spectrum  of  its  solu- 
tions shows  six  bands  in  the  relative  positions  indicated  by  him, 
Among*  the  products  of  decomposition  of  dichromatic  acid  mention  is 
made  of  a  substance  which  in  acid  solutions  shows  only  two  bands ; 
this  substance  Hoppe-Seyler  calls  phylloporphyrin.  Another  product 
of  decomposition  is  obtained,  according  to  him,  on  evaporating  the 
ethereal  solution.  Sachsse  obtained  by  fusion  of  his  ^-phesochloro- 
phyll  with  soda  a  reddish-brown  product  dissolving  in  acids  with  a 
violet  colour,  and  having  the  formula  CseHssNsOa.  Similar  experi. 
ments  made  with  phyllocyanin,  which  led  to  the  formation  of  a 
purple  crystallised  substance,  have  already  been  described  in  the 
fourth  memoir  of  this  series.  The  product  formed  in  all  these  cases 
being  doubtless  the  same,  we  shall  adopt  for  it  the  name  phyllopor^ 
phyrin,  Hoppe- Sey ler's  body  of  the  same  name  being,  in  our  opinion, 
simply  a  compound  with  acid,  not  a  product  of  decomposition.  The 
substance  has,  in  fact,  a  pronounced  basic  character,  and  shows  in 
neutral  solutions  a  spectrum  differing  entirely  from  that  of  its  acid 
solutions. 


Treparation  and  Properties  of  Phylloporphyrin, 

The  method  of  preparing  the  substance  from  phyllocyanin  has 
previously  been  described.  The  method  before  given  is,  however, 
not  an  advantageous  one,  the  yield  being  trifling,  and  the  quantity  of 
bye-products  formed  at  the  same  time  relatively  large.  We  there- 
fore adopted  another  process,  avoiding  the  use  of  melted  alkali  in 
open  vessels  and  employing  alcoholic  potash  in  sealed  tubes.  The 
material  employed  was  phyllotaonin,  which,  being  itself  a  product  of 
decomposition  of  phyllocyanin  with  alkali  at  lower  temperatures, 
and  being  more  easily  prepared  in  a  state  of  purity  than  phyllocyanin, 
seemed  better  adapted  than  the  latter  for  the  preparation  of  phyllo- 
porphyrin. The  process  employed  was  as  follows : — Ethyl  phyllo- 
taonin in  crystals  was  treated  with  alcoholic  potash  in  sealed  tubes 
at  190"  for  several  hours.  On  opening  the  tubes  no  pressure  was 
observed.  The  brownish-red  contents  were  poured  out,  mixed  with 
water  and  an  excess  of  hydrochloric  acid,  and  then  shaken  up  with 
ether.  The  ether  acquired  a  fine  purple  colour,  and  left  on  evapora- 
tion a  brownish  residue  in  which  dark  purple  crystals  were  discern- 
ible. The  residue  was  treated  with  boiling  alcohol,  which  dissolved 
part,  leaving  a  quantity  of  brown  matter  undissolved.  On  adding  to 
the  filtrate  an  alcoholic  solution  of  zinc  acetate,  and  allowing  it  to 
stand,  a  red  crystalline  deposit — a  zinc  compound  of  phylloporphyrin 
— was  formed.  This  was  collected  and  dissolved  in  boiling  alcohol. 
The  solution,  after  addition  of  a  little  hydrochloric  acid,  was  mixed 
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with  mnclL  water  and  extracted  with  ether.  The  latter  acquired  a 
splendid  crimson  colonr,  and,  having  been  washed  with  water,  left 
ou  evaporation  reddish-violet  crystals,  which  were  recrjstallised 
from  alcohol. 

As  thus  prepared,  phylloporphyrin  appears  in  the  form  of  lustrons 
crystals  of  a  splendid  reddish- violet  colour,  which  under  the  micro- 
scope are  seen  to  be  short  regular  prisms.  It  is  tolerably  soluble  in 
alcohol  and  ether,  giving  red  fluorescent  solutions,  which,  on  the  addi- 
tion of  a  little  acid,  acquire  a  bluish  tint.  It  dissolves  in  mineral 
acids  as  well  as  in  glacial  acetic  acid.  The  solutions  give  up  nothing 
when  shaken  up  with  ether,  even  when  previously  mixed  with  much 
water,  showing  that  they  contain  compounds  of  the  substance  with 
the  respective  acids.  When,  however,  the  solutions  are  made  alkaline 
and  then  again  slightly  acid,  then  ether,  on  agitation,  takes  up  the 
substance.  On  adding  nitric  acid  to  the  solution  in  acetic  acid 
it  becomes  greenish,  and,  on  heating,  the  colour  disappears  entirely. 
Phylloporphyrin  possesses  also  acid  properties,  though  these  are  not 
very  pronounced.  It  is,  indeed,  quite  insoluble  in  aqueous  alkalis ; 
but  when  caustic  soda  is  added  to  its  alcoholic  solution  a  hrown 
sodium  compound  separates,  which  yields  up  nothing  to  ether  until 
the  alkali  has  been  removed  by  means  of  acetic  acid.  It  yields, 
moreover,  as  before  mentioned,  a  crystallised  zinc  salt,  which  is 
formed  on  adding  zinc  acetate  to  its  alcoholic  solution,  when  it  crys- 
tallises out  in  small  red  needles ;  the  compound  is  decomposed  by 
hydrocliloric  acid,  but  it  is  scarcely  changed  by  acetic  acid.  The  zinc 
salt  is  of  some  importance  in  connection  with  the  preparation  of  the 
pure  substance,  since  by  its  means  it  becomes  possible  to  separate  it 
from  other  products  of  decomposition,  more  especially  from  the 
brown  amorphous  substances  accompanying  it. 

As  regards  its  absorption  spectrum,  phylloporphyrin  is  a  very  in- 
teresting substance.  The  ethereal  solution  shows  seven  bands,  which 
are,  for  the  most  part,  very  sharply  defined  (see  fig.)  ;  it  is  the 
first  of  the  derivatives  of  chlorophyll,  so  far  discovered,  which  shows 
in  solution  no  band  within  the  red,  the  first  band  being  at  the  margin 
of  and  almost  outside  that  part  of  the  spectrum.  The  spectrum 
of  the  alcoholic  solution  is  similar,  but  the  second  and  third  bands 
are  not  seen,  and  the  fourth  and  fifth  bands  appear  as  one.  The 
alcoholic  solution  to  which  hydrochloric  acid  has  been  added  shows 
an  absorption  spectrum  of  three  bands  only,  one  close  to  line  B, 
another  near  E,  and  a  third,  which  is  very  faint,  between  the  two. 
This  spectrum  should,  we  thought,  have  been  the  same  as  that  of 
Hoppe-Seyler's  phylloporphyrin,  which  we  consider  to  be  a  compound 
of  our  phylloporphyrin  with  acid ;  that  they  are  not  quite  identical  is 
probably  due  to  Hoppe-Seyler*s  product  having  been  impure.  That 
a  solution  of  phylloporphyrin  to  which  hydrochloric  acid  has  been 
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added  really  contains  a  componud  with  acid  and  not  a  prodnct 
of  decomposition,  is  evident  from  the  fact  that  if  the  acid  be  neutra- 
lised with  soda  the  solation  loses  i%a  bluish  tinge,  and  now  shows  the 
absorption  spectrum  of  an  alcoholic  solution  of  the  free  anbatanoe. 
A  solution  of  phylloporphjrin  ia  concentrated  sulphuric  acid  shows  a 
spectrum  with  four  bands.  The  spectrum  of  solntions  of  the  zinc 
salt  is  peculiar.  While  the  solutions  of  the  alkaline  salts  show  r 
spectrum  differing  very  little  from  that  of  the  substance  itself,  the 
zinc  salt  in  solution  shows  only  two  bands  (see  Gg.)-  ^^  adding  a 
Httle  hydraohlorio  acid  to  the  zinc  salt  solution  and  boiling,  the 
spectrum  of  the  hydrochloride  makes  its  appearance,  followed,  after 
considerable  dilution,  by  that  of  the  substance  itself. 


ExrusATiov  ov  Fioun. 
Abtorption  Sptetra  of  Piylloporpiifria  tmd  it*  ComponMU. 

1.  PhjIIopoi^hjFlii  in  ethir. 

2.  Ths  muB  in  concentrated  lalpliuiiD  add. 

3.  The  isnw'in  hjdrocnlono  Mid. 

4.  Zinc  wit. 


Phylloporphyrin,  like  most  of  the  derivatires  of  chlorophyll 
hitherto  examined,  contains  nitrogen,  differing  in  this  respect  from 
the  dichromatic  acid  of  Hoppe-Seyler,  which,  according  to  him,  is 
deroid  of  nitrogen. 

The  analysis  of  phylloporphyrin  and  of  its  zinc  salt  yielded  the 
following  results  ; — 

01023  gram  phylloporphyrin  gave  0-2850  gram  CO,  and  00654 
gram  H,0. 

00920  gram  gave  900  c.c.  of  nitrogen  at  21°  and  753  mm,  pressure. 

0 084>S  gram  of  the  ano  salt  gave  0-2093  gram  CO,  and  00166 
gram  U3O. 
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These  numbers  correspond  in  100  parts  to — 

PhylloporphyriD.  Zino  salt. 

C 75-98  67-31 

H 710  610 

N 11-02  — 

Tlie  formnlsB  CsaHjiNiOj  and  C82Hs2X402Zn  require  respectively — 

Phjlloporphyrin.  Zino  salt. 

•    C 76-89  67-46 

H 6-73  5-63 

N 11-06  — 

O 6-32  — 

Want  of  substance  prevented  our  making  further  determinations 
in  confirmation  of  those  above  given. 

It  is  difficult  at  present  to  explain  in  a  simple  manner  the  formation 
of  phylloporphjrin  from  ph jllotaonin,  the  more  so  since  phjllopor- 
phyrin is  not  the  only  product,  of  decomposition  due  to  the  action  of 
alkali,  it  being  always  accompanied  by  a  relatively  large  quantity  of 
brown  amorphous  substances  as  before  mentioned.  Ammonia, 
together  with  a  small  quantity  of  another  base  having  a  higher 
molecular  weight,  could  also  be  detected  in  the  acid  liquid  filtered  off 
from  the  phylloporphyrin  and  the  brown  substances,  just  as  in  the 
case  of  alkachlorophyll ;  the  presence  of  these  bodies  was  discovered 
in  the  manner  previously  described. 

Conversion  of  Phylloxanthin  into  PhyUocyanin. 

Phylloxanthin  and  phyllocyanin  being  both  products  of  decomposi- 
tion of  chlorophyll  with  acids,  and  having  many  properties  in  common, 
it  seemed  probable  that  a  connection  of  an  intimate  character  might 
be  found  to  subsist  between  the  two  substances.  Oor  experiments  lead 
to  the  conclusion  that  this  is,  in  fact,  the  case,  and  that  phylloxanthin 
may  by  the  prolonged  action  of  acids  be  converted  into  phyllocyanin. 
This  convertibility  has  frequently  been  suspected,  but  has  never  yet 
been  satisfactorily  proved. 

The  changes  which  take  place  in  the  spectrum  of  chloi'ophyll  on 
the  addition  of  acids  to  its  solutions  have  long  been  known,  they  have 
been  accurately  described  by  Russell  and  Lapraik  in  their  memoir 
entitled  "  A  Spectroscopic  Study  of  Chlorophyll."  ♦ 

According  to  these  observers,  when  a  few  drops  of  hydrochloric 
acid  are  added  to  an  ethereal  solution  of  chlorophyll,  the  colour  of  the 
latter  changes  from  bright  green  to  yellowish-green.  At  the  same 
time  the  spectrum  of  the  solution  undergoes  a  marked  change  :  bands 

•  <  Cbem.  Soc.  Trans.,'  vol.  41,  p.  334, 1882. 
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I  and  II  appear  more  clearly  de6ned  in  conseqnence  of  the  clearing 
up  of  the  space  between  them,  while  band  III  is  shifted  nearer  the 
blue  end  and  becomes  paler,  band  IV,  on  the  other  hand,  becoming 
much  darker.  After  the  solution  has  stood  for  a  few  days  a  fifth 
band  nearer  the  blue  end,  and  equal  in  intensity  to  the  fourth,  appears. 
The  same  changes  take  place,  but  more  slowly,  when  tartaric  acid  is 
employed  in  place  of  hydrochloric  acid.  When  acetic  acid,  however, 
is  taken,  the  solution  remains  unchanged  for  some  time;  it  then 
becomes  yellowish-green  and  shows  four  bands  as  before,  but  the  fifth 
band  never  makes  its  appearance  however  much  the  action  may  be 
prolonged.  These  changes  in  the  spectrum  of  chlorophyll  solutions 
on  the  addition  of  various  acids  may  be  explained  by  supposing  that 
phylloxanthin  is  formed  in  the  first  instance,  and  is  then,  by  the 
continued  action  of  the  acid,  converted  into  phyllocyanin.  The 
conversion  though  slow,  on  the  whole  proceeds  more  rapidly  at  the 
commencement  than  towards  the  end  of  the  process,  and  is  evidently 
due  to  hydrolysis.  Similar  phenomena  are  observed  in  the  case  of 
melitose,  the  metamorphosis  of  which  also  passes  through  two  stages, 
*  being  first  converted  by  the  action  of  emulsin  into  melibiose,  which 
then  by  hydrolysis  with  acid  yields  galactose  and  fructose. 

The  phylloxanthiu  employed  in  the  experiments  about  to  be 
described  was  obtained  in  accordance  with  the  directions  given  in 
the  fourth  memoir  of  this  series.  We  have  nothing  to  add  to  the 
account  there  given  of  the  properties  of  phylloxanthin,  except  that 
when  quite  pure  its  solutions  show  only  four  absorption  bands,  not 
five  as  there  stated,  a  fifth  band,  when  it  appears,  indicating  the 
presence  of  phyllocyanin. 

Into  an  ethereal  solution  of  phylloxanthin  free  from  phyllocyanin, 
a  current  of  dry  hydrochloric  acid  gas  was  passed,  the  solution  beiug 
kept  cool,  until  quite  saturated,  and  it  was  then  shaken  up  with 
concentrated  hydrochloric  acid.  The  latter  gradually  acquired  a 
bluish-green  colour,  which  became  darker  on  standing.  The  two 
liquids  having  remained  in  contact  for  some  time  were  separated,  and 
the  lower  acid  one  was  mixed  with  several  times  its  volume  of  water, 
which  gave  an  almost  black  flocculent  precipitate.  The  whole  was 
then  shaken  up  with  ether,  in  which  the  precipitate  dissolved,  yielding 
a  solution  which,  after  washing  with  water,  showed  the  olive-green 
colour  peculiar  to  solutions  of  phyllocyanin  as  well  as  the  five 
absorption  bands  belonging  to  the  latter  in  their  usual  position  and 
with  their  usual  relative  intensities.  That  a  formation  of  phyllocy- 
anin had  actually  taken  place  was  proved  by  the  following  experi- 
ments. The  ethereal  solution  of  the  product  obtained  was  evaporated. 
Part  of  the  residue  left  was  dissolved  in  caustic  soda ;  the  solution, 
after  standing  for  some  time,  was  supersaturated  with  acetic  acid, 
and  then  shaken  up  with  ether ;  tlie  ethereal  solution  was  6va^<^^c%.\.^vS.., 
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and  tlie  residue  was  dissolved  in  boiling  glacial  acetic  acid;  the 
Bolation  on  standing  deposited  small  crystalline  grains,  the  ethereal 
solution  of  which  showed  the  absorption  spectrum  of  acetylphyl- 
lotaonin.  Another  portion  of  the  residue  left  on  evaporation  of  the 
ethereal  solution  was  dissolved  in  boiling  alcoholic  potash  ;  the  solution, 
after  filtration  and  addition  of  water,  was  acidified  with  acetic  acid 
and  then  shaken  up  with  ether;  an  ethereal  solution  was  obtained 
showing  the  characteristic  absorption  spectrum  of  phyllotaonin. 

The  experiments  just  described  proving  the  convertibility  of 
phylloxanthin  into  phyllocyanin,  tend  to  support  the  view  held  by 
some  observers  that  only  one  chlorophyll  really  exists,  and  that  there 
are  not  two  or  more  chlorophylls  as  has  sometimes  been  maintained. 
Under  the  action  of  acids,  chlorophyll  yields  phylloxanthin,  which  is 
then  converted  into  phyllocyanin.  The  latter  when  treated  with 
alkalis  gives  phyllotaonin,  and  this,  by  the  more  energetic  action  of 
alkalis  at  a  higher  temperature,  yields  phylloporphyrin.  The  pro- 
gressive increase  in  the  number  of  absorption  bands  in  passing 
through  this  series,  and  the  gradual  shifting  of  the  bands  from  the 
red  to  the  blue  end  of  the  spectrum,  are  points  worthy  of  notice. 


III.  '*  On  the  Ratio  of  the  Specific  Heats  of  some  Compound 
Gases.*'  By  J.  W.  Capstiok,  D.Sc,  M.A.,  Fellow  of  Trinity 
College,  Cambridge.  Communicated  by  Professor  J.  J. 
Thomson,  F.R.S.    Received  January  25,  1895. 

(Abstract.) 

The  experiments  described  are  a  continuation  of  those  of  which  an 
account  was  given  in  the  *  Philosophical  Transactions,'  vol.  185,  p.  1. 

The  apparatus  and  method  of  procedure  were  the  same  as  were 
described  in  the  former  paper.  Kundt's  dnst-figure  method  was  used 
for  finding  the  velocity  of  sound  in  the  gas,  and  the  ratio  of  the 
specific  heats  was  calculated  by  means  of  the  formula 


7  =  1-408  X/>x 


(f){-^.4w}- 


the  last  factor  being  added  to  the  ordinary  formula  in  order  to 
correct  for  the  deviation  of  the  gas  from  Boyle's  law. 

The  densities  and  isothermal  curves  were  determined  experi- 
mentally. 

The  results  are  as  follows : — 


b  ^ 
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Methylene  chloride  . , . 

Chloroform 

Carbon  tetrachloride  . . 

Ethylene  chloride 

Ethylidene  chloride  . .  • 

Ethylene 

Vinyl  bromide 

AUtI  chloride 

Allyl  bromide 

Ethyl  formate    

Methyl  acetate 

Sulphuretted  hydrogen 

Carbon  dioxide 

Carbon  disulphide 

Silicon  tetrachloride .  • . 


Formula. 


CH-Cl, 

CHClj 

CCI4 

UjS^Clj 

C2n4Ci, 

C,H4 

CjHjBr 

CsHjCl 

CsHjBr 

HCOOCjH, 

CHsCOOCHj 

SHs 

CO, 

CS, 

CCJ4 


y- 

219 

•154 

•130 

137 

134 

264 

198 

137 

•145 

124 

137 

340 

308 

239 

129 

From  these  and  tlie  results  given  in  the  former  paper  it  is  shown 
that  corresponding  halogen  derivatives  of  the  same  hydrocarbon  have 
the  same  7,  the  statement  being  no  longer  restricted  to  the  mono- 
halogen  derivatives  of  the  paraffins. 

The  equality  of  the  7*8  of  the  two  dichlorethanes,  and  of  methyl 
acetate  and  ethyl  formats,  shows  that  the  previously  investigated 
case  of  the  two  propyl  chlorides  does  not  stand  alone,  but  that  it  is 
probably  true  that  isomeric  bodies  in  general  have  the  same  7. 

From  the  results  for  the  substitution  products  of  methane  and 
ethane  with  more  than  one  halogen  in  the  molecule  it  is  shown  that, 
whether  the  first  chlorine  introduced  into  the  molecule  alters  the 
value  of  7  or  not,  each  chlorine  after  the  first  causes  a  fall  in  7. 

SiCl4  has  the  same  7  as  CCl^.  SH3  has  nearly  the  same  7  as  some 
observers  have  found  for  OHj,  but  COj  and  CSj  differ  widely,  whence 
it  follows  that,  just  as  in  the  case  of  hydrogen  and  chlorine,  the  pos- 
sibility of  interchange  of  oxygen  and  sulphur  without  altering  7  does 
not  extend  to  the  substitution  of  two  atoms  of  sulphur  for  two  of 
oxygen. 

In  the  paper  a  proof  is  given  of  the  formula 

fi+i  =  L^*L._^ 

7—1 

for  calculating  y9,  the  ratio  of  the  rates  of  increase  of  intramolecular 
energy  and  translational  energy  of  the  molecule  on  a  rise  of  tempera- 
ture, and  the  constant  p  is  given  for  the  gases  investigated. 

It  is  shown  that  " is  constant  for  the  paraffins  and  their  mono- 

n 
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halogen  derivatives,  whence  it  follows  that  for  these  the  ratio  of  the 
increase  of  mean  total  energy  to  the  increase  of  kinetic  energy  of 
translation  of  the  moleonle  is  proportional  to  the  number  of  atoms  in 
the  molecule. 


IV.  "An  Instniment  for  Cutting,  Grinding,  and  Polishing 
Section-plates  and  Prisms  of  Mineral  or  other  Crystals 
Accurately  in  the  Desired  Directions."  By  A.  E.  Tutton, 
Assoc.  R.C.S.,  Demonstrator  of  Chemistry  at  the  Royal 
College  of  Science,  South  Kensington.  Communicated 
fey  Professor  JuDD,  F.R.S.    Received  November  2^,  181)4. 

(Abstract.) 

In  a  I'ecent  communication  ('  Phil.  Trans.,'  1894,  Series  A,  p.  887  ; 
*  Roy.  Soc.  Proc.,'  vol.  55,  p.  108)  the  author  described  an  instrument 
for  grinding  accurately  orientated  section-plates  and  prisms  of  crystals 
of  artificial  preparations.  The  success  of  that  instrument  is  so  com- 
plete that  another  instrument  has  been  devised  and  constructed, 
upon  similar  principles,  but  with  the  necessary  modifications  and 
additions,  to  enable  equally  accurately  orientated  plates  or  prisms  to 
be  prepared  from  the  relatively  harder  crystals  of  natural  minerals. 

The  new  instrument  is  constructed  upon  a  scale  one-fifth  larger 
than  the  former  one  as  regards  such  parts  as  are  fundamentally 
similar,  to  confer  greater  strength.  The  main  innovations  are  those 
of  a  cutting  apparatus,  capable  of  ready  removal,  in  order  not  to 
impede  goniometrical,  grinding,  and  polishing  operations,  and  a  much 
larger  grinding  table  fitted  with  a  particularly  couvenient  mode  of 
attachment  for  any  one  of  nine  interchangeable  grinding  and  polish- 
ing laps,  suitable  for  use  with  crystals  of  every  degree  of  hardness. 
The  accompanying  illustration  represents  the  lower  portion  of  the 
instrument,  drawn  from  a  point  sufficiently  high  above  the  base  to 
most  clearly  exhibit  the  arrangement  of  the  cutting  apparatus. 
The  instrument  is  not  intended  to  replace  the  one  previously  de- 
scribed, which  is  fully  adapted  to  all  the  uses  of  cheuiical  crystallo- 
graphers,  and  the  cost  of  which  is  only  two- thirds  that  of  the  one 
now  described.  It  is  intended  especially  for  the  use  of  mineralogists, 
but,  naturally,  will  likewise  serve  all  the  purposes  of  the  smaller 
instrument. 

The  mode  of  supporting  the  outer  fixed  cone  within  which  the 
movable  axes  rotate,  the  construction  of  the  circle  and  its  axis  and 
fine  adjustment,  and  of  the  gun-metal  axis  and  its  counterpoising 
levers  designed  for  controlling  the  pressure  between  crystal  and  lap, 
as  also  of  the  inner  steel  axis  from  which  are  suspended  the  crystal  a 


1895.J     Cutting,  Grinding,  and  PoUthing  Section-platei,  ^c.      325 


InitmmeDt  for  Cutting,  Ch>[ndmg,  uid  Poluhing  Bectioti-p1at««  and  Priam  i  of 
Uinetal  or  other  CrjitaU. 


and  its  centering  (6)  and  adjaatiDg  (e)  movementB,  are  Bimilar  in  prin- 
ciple to  the  corresponding  arrangementB  in  the  smaller  instmtnent, 
nitlioagh  many  details  are  altered  for  the  sake  of  greater  rigidity. 
The  same  likewise  applies  to  the  goniometrical  telescope  d  and  colU- 
mator  e  and  their  mode  of  snpport. 

The  crystal  holders,  in  addition  to  being  provided  witL  cross- 
grooved  sarfaces  for  the  reception  of  the  cementing  was,  which 
shonld  be  the  hardest  variety  used  by  opticians,  are  farther  pro- 
vided with  protecting  rims,  so  that  the  wax  is  firmly  held  in  a 
shallow  cup.  Three  ordinary  holders  are  supplied,  of  -y"^,  -J-,  and 
{-  in.  diameter  respectively.  Two  holders,  of  y°g  and  ^  in. 
diameter,  are  also  furnished,  which  permit  of  a  certain  amount  of 
rotation  of  the  crystal  aft«r  fixation  of  the  holder  in  its  socket,  as 
described  in  the  former  communication,  and  one  of  which  is  shown 
in  position  at  /  in  the  illustration.  Also  there  is  the  special 
holder  for  nse  in  grinding  a  second  surface  parallel  to  the  one  first 
prepared,  and  it  is  provided  with  two  lower  caps  pierced  by  apertures 
of  ^3  and  -^^  in.  respectively,  together  with  a  dozen  glass  discs 
ground  to  fit  each. 

The  grinding  apparatus  resembles  that  of  the  smaller  iu«tE^Ta,'«&.^>, 
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as  far  as  the  driving  gear  and  the  mode  of  supporting  the  grinding 
table  are  concerned.  The  table  itself  is  much  larger  however,  the  laps 
being  4^  ins.  in  diameter,  and  it  is  differently  constructed,  in  order  to 
permit  of  rapid  change  from  one  lap  to  another.  The  table  is  pro- 
vided with  a  permanent  rigid  gun-metal  top  g,  slightly  larger  than 
the  laps,  upon  which  the  latter  are  laid.  The  laps  carry  below  three 
cylindrical  projections,  which  pass  through  corresponding  holes  in 
the  table,  and  they  may  be  locked  in  this  position  by  a  plate  carried 
beneath  the  table,  and  which  is  rotatable  for  a  sufficient  amount  by  a 
rack  and  pinion  actuated  by  a  short  lever ;  the  plate  is  pierced  by 
tapering  slots,  wide  enough  at  one  end  to  allow  the  projections  to  fall 
through  or  be  removed,  but  narrowed  at  the  other  so  as  to  gear  in 
niches  cut  in  the  projections.  The  lap  h  is  placed  in  position,  or 
lifted  out  when  it  is  desired  to  remove  it,  while  the  lever  is  rotated 
outwards  radially  to  the  axis  of  the  table ;  upon  rotating  the  lever 
inwards  again,  as  far  as  a  stop  permits  it  to  go  under  the  table,  the 
lap,  if  in  position,  will  be  firmly  locked  to  the  latter. 

Four  metallic  laps  are  provided ;  one  of  iron,  for  rough  grinding 
with  coarse  emery  and  brick  oil  or  water;  two  of  gun-metal  and 
hard  white  metal  respectively,  for  fine  grinding  with  flour  emery ; 
and  another  of  pewter,  for  polishing  with  rottenstone  and  water.  A 
polishing  lap  of  hard  felt,  for  use  with  putty  powder  and  water,  and 
a  lap  of  boxwood,  either  for  grinding  soft  mineral  crystals  or  for 
polishing,  are  likewise  supplied.  There  are  also  three  glass  laps  for 
use  with  artificial  crystals,  one  moderately  ground  for  rough  grinding, 
the  second  extremely  finely  ground,  and  another  of  plain  plate  glass, 
the  last  two  for  polishing,  and  all  three  to  be  lubricated  with  oil. 
The  final  polisher  of  ordinary  plate  glass  furnishes  admirably 
polished  surfaces,  and  best  of  all  when  the  amount  of  oil  is  extremely 
small. 

The  cutting  apparatus  is  carried  at  a  suitable  height  above  the 
level  of  the  grinding  table  upon  a  rigid  horizontal  arm  pivoted  upon 
the  back  pillar  k  of  the  instrument,  so  that  it  can  be  completely 
rotated  out  of  the  way  during  grinding  operations,  and  further  sup- 
ported when  required  for  use  upon  an  adjunct  of  the  right  front 
pillar  Z.  It  consists  of  a  4-in.  disc  of  soft  iron  m,  supplied  with 
diamond  edge,  and  intended  to  be  lubricated  with  brick  oil,  supported 
truly  parallel  to  the  grinding  table  between  two  stout  broad  washers, 
carried  by  the  almost  frictionless  axle,  and  driven  by  an  independent 
driving  gear ;  the  latter  is  somewhat  similarly  arranged  to  that  of 
the  grinding  apparatus,  in  order  that  the  pressure  of  the  band  round 
the  pulley  which  tttms  with  the  axle  of  the  cutter  shall  be  equal  on 
each  side  to  minimise  friction,  and  is  entirely  carried  upon  the  arm. 
The  latter  is  bent  inwards  towards  the  crystal,  so  that  the  cutting 
edge  may  be  conveniently  approached. 
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Three  interchangeable  catting  discs  are  supplied,  one  of  the  nsnal 
thickness  of  a  lapidary's  cutter,  and  two  somewhat  thicker,  which 
are  preferable  on  account  of  their  greater  rigidity ;  their  edges  are 
carefully  squared  and  charged  with  diamond  dust  in  the  usual 
manner.  In  order  to  protect  the  instrument  from  particles  projected 
during  cutting,  the  disc  is  surrounded,  except  in  the  vicinity  of  the 
crystal,  with  a  readily  removable  guard  n.  A  second  larger  guard 
is  also  supplied  in  order  to  afford  more  complete  protection  to  the 
optical  tubes ;  it  consists  of  a  thin  metal  disc  considerably  larger 
than  the  grinding  table,  upon  which  it  is  intended  to  rest,  and  fitted 
round  one-half  of  its  circumference  with  a  rim  If  in.  high,  sufficient 
to  protect  the  telescope  and  collimator,  while  not  interfering  with  the 
freedom  of  movement  of  the  arm  of  the  cutting  apparatus.  The 
support  upon  the  front  pillar  is  removable  when  the  cutter  is  not  in 
use,  so  as  to  leave  room  for  grinding  ;  the  pillar  carries  in  front  at 
the  convenient  height  a  rectangular  thickening  o,  out  of  which  a 
vertical  dove-tailed  recess  is  cut,  within  which  a  corresponding  dove- 
tail p,  forming  the  back  portion  of  the  main  casting  of  the  attachment, 
is  capable  of  sliding  until  arrested  at  the  proper  height,  corresponding 
to  the  perfectly  horizontal  position  of  the  cutter  and  its  arm,  by  a  stop. 

This  attachment  includes  not  only  the  supporting  fork  q  for  the 
arm,  but  also  the  apparatus  for  directing  and  controlling  the 
cutting.  The  latter  consists  of  a  horizontal  traversing  bed  r  and 
slider  «,  manipulated  by  the  large  milled  head  t  of  the  traversing  screw ; 
the  arm  is  attached  to  the  slider  by  being  gripped  between  a  small 
spring  piston  v  and  a  hinged  wedge-shaped  hook  w,  the  latter  being  so 
shaped  in  order  that  it  may  be  pushed  out  of  the  way  while  the  arm 
passes  it,  after  which  a  spring  x  causes  it  to  fall  down  behind  the  arm. 
This  gripping  arrangement  is  carried  by  a  much  larger  piston,  retained 
by  a  strong  spring  in  a  cylinder  y  fixed  to  the  slider.  The  possibility 
of  undue  pressure  being  developed  between  cutter  and  crystal, 
owing  to  injudiciously  rapid  rotation  of  the  traversing  screw,  is  thus 
avoided,  the  spring  giving  way  before  the  pressure  becomes  danger- 
ously great  and  the  piston  being  pulled  out  of  the  cylinder.  Two 
inches  of  traverse  are  permitted  by  the  length  of  the  slot  z  of  the 
fork  and  of  the  traversing  bed  of  the  slider,  an  amount  ample  to  permit 
of  the  cutting  through  of  a  crystal  an  inch  in  diameter. 

This  form  of  cutting  apparatus  is  found  to  work  admirably; 
tbere  is  no  tendency  to  jamming  when  once  the  operator  has  become 
familiar  with  the  rate  at  which  the  milled  head  of  the  traversing 
apparatus  can  most  advantageously  be  rotated,  and  the  cutting  is 
more  perfectly  under  control  than  when  the  pressure  of  the  cutter 
against  the  crystal  is  brought  about  by  a  spring  or  a  weight  hanging 
over  a  pulley. 

The  adjustment  of  the  crystal,  so  that  the  direction  of  the  desired 
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surface  is  exactly  parallel  to  the  cutting  disc  and  grinding  lap,  is 
carried  out  as  described  in  the  former  communication.  When  about 
to  commence  cutting,  the  crystal  is  first  lowered  by  means  of  the 
milled  head  at  the  t<op  of  the  instrument  until  it  is  at  a  convenient 
level  for  cutting,  in  which  position  it  is  fixed  by  first  clamping  the 
circle  to  the  fixed  cone  by  means  of  the  milled  headed  screw  forming 
part  of  the  arrangement  for  fine  adjustment,  and  then  preventing 
any  movement  of  the  gun-metal  axis  by  tightening  the  collar  imme- 
diately above  the  circle  by  means  of  a  key  provided.  Cutting  is 
then  proceeded  with,  commencing  rotation  of  the  cutter  and  its  tra- 
versing slowly  at  first,  and  gradually  increasing  the  speed  according 
to  the  "  feel "  of  the  cutting.  If  by  inadvertence  a  jam  should  ever 
occur,  a  slight  i*eversal  of  the  motion  of  the  traversing  screw  will 
instantly  release  the  cutter.  The  speed  should  be  materially  reduced 
towards  the  finish,  in  order  that  the  end  of  the  crystal  may  be  cut  o£P 
cleanly  right  up  to  the  furthest  edge.  A  hard  crystal  such  as  a 
topaz,  ^  in.  thick,  may  be  easily  cut  through  in  10  to  15  minutes, 
and  the  cut  surface  is  so  smooth  that  very  little  grinding  is  required, 
which  may  at  once  be  proceeded  with  upon  the  gun-metal  or  hard 
white-metal  lap,  with  the  finest  washed  flour  emery  made  into  a 
moderately  thick  paste  with  water  or  brick-oil.  The  latter  lubricant 
offers  the  advantage  of  greater  immunity  from  splashing,  although 
not  perhaps  so  convenient  in  other  respects. 

A  thick  glass  disc,  about  1  in.  in  diameter,  is  provide'd  for  use  as  a 
"  bruiser,"  to  work  down  the  emery  paste  to  an  even  consistency  upon 
the  lap  before  grinding.  The  pressure  between  crystal  and  lap  is 
controlled  by  manipulation  of  the  counterpoised  levers,  as  described 
in  the  former  memoir,  and  the  path  of  the  crystal  upon  the  lap 
changed  from  time  to  time  by  use  bf  the  centering  movements,  in 
order  to  prevent  undue  local  wearing  of  the  lap. 

A  further  useful  accessory  is  a  small  stand  consisting  of  a  weighted 
base  carrying  an  upright  tubular  stem,  in  which  a  lengthening  rod 
is  capable  of  sliding,  which  latter  carries  an  adjustable  support, 
formed  by  a  couple  of  short  links  united  by  ball-and-socket  joints,  for 
an  oblique  caoutchouc  wedge.  The  latter,  when  directed  down  upon 
the  lap.  not  quite  in  contact  with  the  metallic  surface  of  the  latter, 
serves  to  keep  the  emery  paste  moving  into  the  path  of  the  crystal 
during  grinding.  When  soft  artificial  crystals  are  being  ground 
upon  the  glass  laps,  the  wedge  may  be  replaced  by  a  camel-hair 
brush,  to  keep  the  path  well  supplied  with  the  lubricating  oil. 

The  surfaces  prepared  by  the  fine  grinding  are  usually  sufficiently 
transparent  for  the  purposes  of  optical  investigations,  plates  perpen- 
dicular to  the  median  lines  exhibiting  clearly  defined  interference 
figures  in  convergent  polarised  light.  If  a  higher  polish  is  desired, 
the  polishing  laps  supplied  will  enable  this  to  be  attained. 
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After  the  completion  of  the  operations  upon  the  first  surface,  the 
cutting  of  the  second  Js  proceeded  with  while  the  crystal  is  still 
adjusted,  the  latter  being  fixed  at  the  suitable  height  for  the  purpose. 
The  plate  thus  cut  off  is  cemented  by  the  finished  surface  to  one  v>f 
the  small  glass  discs  provided  with  the  special  holder,  and  the 
finishing  of  the  second  surface  carried  out  with  the  disc  supported 
in  the  holder,  whose  true  plane  has  previously  been  adjusted  parallel 
to  the  lap,  as  described  in  the  former  communication. 

When  a  prism  is  to  be  prepared  the  crystal  is  first  adjusted  so  that 
the  plane  of  optical  elasticity  to  which  the  two  desired  prism  faces 
are  to  be  symmetrical  is  parallel  to  the  grindin/y  lap,  and  likewise 
so  that  the  direction  of  the  desired  edge,  parallel  to  an  axis  of  optical 
elasticity,  is  at  right  angles  to  the  upper  tangent  screw  of  the  adjust- 
ing apparatus.  The  latter  is  then  rotated  30*^,  the  crystal  arranged 
at  the  convenient  height  for  catting,  and  the  end  cut  off.  The  cat 
surface  is  then  finished  upon  the  laps.  The  tangent  screw  is  next 
rotated  back  to  the  adjusted  position,  and  for  30^  upon  the  other  side 
of  that,  when,  after  fixing  at  the  proper  height,  the  second  surface  is 
cut.  The  60**  prism  thus  cut  off  is  again  set  in  wax  on  the  holder 
with  the  second  surface  exposed,  and  the  latter  is  then  brought 
parallel  to  the  lap  by  goniometrical  adjustment,  and  ground  and 
polished,  if  desired,  in  like  manner  to  the  first.  The  two  surfaces 
will  invariably  afford  brilliant  single  reflected  images  of  the  spectro- 
meter slit,  and  transmit  equally  well-defined  refracted  images  when 
an*anged  for  minimum  deviation. 

Instead  of  actuating  the  driving  gear  of  the  cutting  or  grinding 
apparatus  by  hand,  which,  however,  is  very  light  labour  owing  to  the 
freedom  from  friction,  a  small  electric,  gas,  or  water  motor  may  be 
employed.  For  this  purpose  the  driving  wheel  »  of  the  grinding 
apparatus  is  supplied  with  two  annular  niches,  the  upper  of  which  is 
intended  for  the  reception  of  the  band  from  the  motor ;  and  two 
similai'  driving  pulleys,  one,  /3,  for  hand  rotation,  and  the  other,  7,  for 
use  with  the  motor,  are  fitted  at  the  two  ends  of  the  driving  axle  of 
the  cutting  apparatus,  that  for  hand  driving  being  above  the  arm  at 
the  level  of  the  other  pulleys  of  the  cutting  apparatus,  and  that  for 
the  reception  of  the  band  from  the  motor  being  arranged  below  the 
arm,  at  the  level  of  the  upper  niche  of  the  grinding  pulley.  A  small 
electric  motor,  driven  by  the  current  from  three  pint  bichromate  cells, 
a^ords  ample  power  for  the  purpose,  and  the  speed  of  revolution  is 
best  controlled  by  a  friction  brake  upon  the  motor. 

The  instrument  has  been  constructed  by  Messrs.  Troughton  and 
Simms,  who  are  prepared  to  furnish  copies  of  either  this  or  the 
smaller  instrument.  The  author  desires  to  express  his  thanks  to 
Mr.  Skinner,  of  the  Charlton  Works,  for  invaluable  assistance  in 
devising  it,  and  to  Mr.  F.  Chapman,  of  the  geological  laboratory  of 
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the  Royal  College  of  Science,  for  the  benefit  of  his  large  experience 
in  the  catting  and  grinding  of  minerals.  The  first  model  of  the 
instrument  is  exhibited  in  the  Science  Division  of  the  South  Ken- 
sington Museum. 


V.  "  Note  on  the  Disease  of  Cabbages  and  allied  Plants  kno'wn 
as  'Finger  and  Toe/  &c."  By  George  Massee,  a  Principal 
Assistant,  Royal  Gardens,  Kew.  Communicated  by 
W.  T.  Thiselton  Dyer,  Esq.,  F.R.S.,  Director.  Received 
January  25,  1895. 

The  disease  known  in  different  parts  of  Britain  as  "finger  and 
t-oe,"  "  clubbing,"  or  "  anbury,"  attacks  turnips,  rape,  cabbages  of  all 
varieties,  radishes,  and,  in  facfc,  most  cultivated  plants  belonging  to 
the  order  Cruciferce.  Several  common  weeds  are  also  attacked, 
namely,  charlock  (JBrasdca  Sinapistrum^  Boiss.),  garlic-mustard 
(Sisymbrium  Alliaria,  Scop.),  treacle-mustard  (Erysimum,  CheiraU' 
thoides,  Linn.),  and  shepherd's  purse  {Oapsella  bursa-pastoris,  D.C.). 
The  last-named  is  reported  from  the  United  States  by  Halsted,*  and 
has  not  been  observed  to  be  diseased  in  Britain,  although  one  of  our 
commonest  weeds.  The  disease  is  characterised  by  the  formation  of 
numerous  nodules  on  the  root,  which  becomes  much  distorted  and 
soon  decays,  forming  a  slimy,  fcetid  mass. 

Berkeleyt  appears  to  have  been  the  first  to  investigate  the  disease 
from  a  scientific  standpoint,  and  although  he  did  not  succeed  in  deter- 
mining tlie  true  cause,  distinctly  states  that  microscopic  examination 
revealed  the  presence  of  a  factor  previously  unknown  in  connection 
with  plant  diseases.  Furthermore,  Berkeley  pointed  out  that  wood 
ashes  were  a  cure  for  the  disease,  and  sapposed  this  to  be  due  to  the 
presence  of  potash  salts  in  the  ash. 

Owing  to  the  serious  amount  of  damage  caused  by ''finger  and 
toe  "  to  the  cabbage  crop  in  Russia,  the  Grovemment  of  that  country 
offered  a  reward  for  the  discovery  of  the  cause  of  the  disease. 
Woronin!^  undertook  the  investigation,  and  after  years  of  patient 
study  published  an  elaborate  account,  proving  clearly  that  the 
disease  was  caused  by  a  minute  organism  related  to  the  fungi,  to 
which  he  gave  the  name  Plasmodiophora  brassicce. 

In  1859,  Yoelcker§  pointed  out  that  the  disease  was  influenced  by 
the  amount  of  lime  present  in  the  soil.  Where  little  or  no  lime 
existed,  as  in  light  and  sandy  soils,  the  disease  abounded,  tvhereas  iu 

•  New  Jersey  Agric.  Coll.  Expt.  Station;  Bull.  98  (1898). 

t  •  (Jard.  Chron.,'  p.  500, 1866. 

J  *  Pringsheim's  Jahrb.,'  vol.  11,  p.  648,  tabs,  xxix — xxxiv  (1878). 

§  *  Roj.  Agric  Soc.  Joum.,'  vol.  20,  p.  101  (1859). 
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soil  containing  lime  the  disease  was  absent.  This  opinion  is  cor« 
roborated  by  the  sajne  anthor  at  a  later  date.* 

The  following  is  an  account  of  experiments  conducted  during  four 
enccessive  years  at  Kew. 

1.  Healthy  seedling  cabbages  planted  in  soil  that  had  two  years 
previously  produced  a  crop  of  diseased  cabbages,  became  diseased* 
Check  plants  from  the  same  batch  of  seed,  grown  in  sterilised  soil, 
remained  free  from  disease.  Somerrillet  has  also  demonstrated 
that  turnips  become  diseased  when  the  seed  is  sown  in  soil  brought 
from  an  infected  area. 


A.  Experiments  conducted  in  a  Sterilised  Solution  of  Stable  Manure, 

2.  The  contents  of  two  flasks  were  infected  by  adding  crushed 
tubercles  of  a  diseased  cabbage  root.  2  per  cent,  of  a  saturated 
solution  of  potassium  hydrate  was  added  to  the  contents  of  one  flask, 
and  2  per  cent,  of  commercial  sulphuric  acid  to  the  other.  A  young 
cabbage  plant  free  from  disease  was  then  placed  in  each  flask.  At 
the  end  of  two  months  the  plant  in  the  flask  containing  potassium 
hydrate  was  growing  vigorously  and  perfectly  free  from  disease, 
whereas  the  plant  growing  in  the  solution  containing  sulphuric  acid 
was  badly  diseased,  much  more  so  than  check  plants  growing  in 
infected  soil  free  from  acid,  for  the  same  period  of  time.  Similar 
experiments  made  during  successive  years  always  yielded  the  same 
result. 

3.  Two  young  cabbage  plants  showing  decided  symptoms  of  disease 
were  placed  in  flasks  containing  the  same  proportions  of  potassium 
hydrate  and  sulphuric  acid  respectively  as  in  Experiment  1.  At  the 
end  of  two  months  the  plant  growing  in  the  solution  containing 
potassium  hydrate  appeared  to  be  perfectly  healthy,  the  indications  of 
nodules  present  on  the  root  at  the  commencement  of  the  experiment 
having  become  effaced  by  subsequent  growth.  The  plant  growing 
in  the  solution  containing  sulphuric  acid  was  badly  diseased. 

Similar  results  were  obtained  in  Experiments  1  and  2,  when  potas- 
sium hydrate  was  replaced  by  ammonium  hydrate,  and  sulphuric 
acid  by  hydrochloric  acid. 

4.  Two  diseased  seedling  cabbages  were  placed  in  separate  flasks  of 
the  sterilised  solution.  The  liquid  in  one  flask  was  saturated  once  a 
week  with  carbonic  dioxide,  the  contents  of  the  second  flask  not 
being  interfered  with  in  any  way.  At  the  end  of  two  months  both 
plants  had  the  disease  developed  to  the  same  extent,  proving  that 
carbonic  acid  is  neutral  as  regards  the  development  of  Plasmodio- 
phorce, 

•  Op.  cit,,  Ser.  Ill,  vol.  5,  p.  821  (1894). 
t  Op,  cit.,  Ser.  Ill,  vol.  6,  p.  808  (1894). 
VOL.   LVII.  ^  ^ 
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B.  Experiments  conducted  ioith  Sterilised  Soil. 

5.  Two  pots  of  soil,  sterilised  by  steam, were  infected  with  the  crashed 
roots  of  diseased  cabbages.  The  soil  in  one  pot  was  mixed  with 
qnicklime,  that  in  the  other  with  bone  manure,  having  an  acid 
reaction.  A  healthy  cabbage  seedling  was  planted  in  each  pot,  and 
at  the  end  of  two  months  the  plant  in  the  pot  containing  lime  was 
perfectly  healthy,  whereas  the  plant  in  the  soil  containing  acid  bone 
mannre  was  badly  diseased. 

6.  Two  pots  containing  soil  mixed  with  quicklime  and  acid  bone 
manure  respectively  had  a  diseased  cabbage  seedling  placed  in  each. 
At  the  end  of  two  months  the  disease  was  more  developed  in  both 
seedlings  than  at  the  time  of  planting ;  proving  that  the  presence  of 
lime  will  not  arrest  the  disease  when  the  plants  are  once  attacked. 

Summary, 

The  foregoing  observations  and  experiments  demonstrate  the 
following  points : — 

1.  That  in  addition  to  cultivated  plants,  several  common  weeds 
belonging  to  the  order  Cruciferce  are  attacked  by  the  Plasm^dlophora. 
Hence  the  necessity  for  preventing  the  growth  of  such  weeds  in  fields 
and  hedge-banks. 

2.  That  the  germs  of  disease  are  present  in  soil  that  has  produced  a 
diseased  crop,  and  retain  their  vitality  for  at  least  two  years. 

3.  That  the  development  of  Plcism^diophora  is  favoured  by  the 
presence  of  acids,  and  checked  by  the  presence  of  alkalies,  agreeing  in 
this  respect  with  the  fungi  rather  than  with  bacteria. 

4.  For  the  purpose  of  sterilising  infected  soil,  experiments  prove 
that  either  a  dressing  of  lime  or  a  manure  containing  potash  salts  is 
effective,  the  last  being  most  valuable,  as  it  not  only  destroys  the 
germs  in  the  soil  but  also  arrests  the  disease  in  seedling  plants,  and 
at  the  same  time  supplies  one  of  the  ingredients  necessary  for  the 
healthy  growth  of  turnips. 


Presefits,  February  14,  1895. 
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February  21,  1895. 

The  LORD  KELVIN,  D.C.L.,  LL.D.,  President,  followed  by 
Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 
Treasurer,  in  the  Chaii*. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  *' Electrification  of  Air  and  other  Gases  by  bubbling 
through  Water  and  other  Liquids."  By  Lord  Kelvin, 
P.R.S.,  Magnus  Maclean,  M.A.,  F.R.S.E.,  and  Alexander 
Galt,  B.Sc,  F.R.S.E.  Received  February  7,  and  February 
15,  1895. 

§  1.  At  the  meeting  of  the  British  Association  in  Oxford  in  Angnst, 
1894,  a  communication  was  given  to  section  A,  entitled  ^'  Preliminary 
Experiments  to  find  if  Subtraction  of  Water  from  Air  Electrifies  it.'* 
These  experiments  were  performed  during  July  of  1894,  and  were  a 
continuation  of  experiments  which  were  commenced  in  the  Physical 
Laboratory  of  the  University  of  Glasgow  in  December  of  1868  with 
the  same  object,  but  which  were  then,  for  various  reasons,  discon- 
tinued before  any  decisive  result  had  been  obtained. 

§  2.  A  glass  U"^^^®  with  vertical  branches  (fig.  1),  each  18  inches 
long  and  about  1-inch  bore,  with  the  upper  8  inches  of  one  of  the 
branches  carefully  coated  outside  and  inside  with  clean  shellac  varnish, 
was  held  fixed  by  an  uninsulated  support  attached  to  the  upper  end 
of  this  branch.  The  other  biranch  was  filled  with  little  fragments  of 
pumice  soaked  in  strong  sulphuric   acid  or  in   water,   and  a  fine 
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platinum  wire,  with  one  end  touching  the  pumice,  connected  it  to  the 
insulated  electrode  of  a  quadrant  electrometer.  A  metal  can,  M, 
large  enough  to  surround  both  branches  of  the  (J -tube  without 
touching  either,  was  placed  so  as  to  guard  the  tube  from  electric 
inflaences  of  surrounding  bodies,  the  roost  disturbing  of  which  is 
liable  to  be  the  woollen  cloth  sleeves  of  the  experimenters  or  observers 
moving  in  the  neighbourhood.  This  metal  can  was  kept  in  metallic 
connection  with  the  outside  metal  case  of  the  quadrant  electrometer. 
The  length  of  the  exposed  platinum  wire  between  the  (J -tube  and 
the  electrometer  was  so  short  that  it  did  not  need  a  metal  screen 
to  guard  it  against  irregular  iufluences.  An  india-rubber  tube  from 
an  ordinary  blow-pipe  bellows  was  connected  to  the  uninsulated  end 
of  the  U"^*^be.  Air  was  blown  through  it  steadily  for  nearly  an 
hour.  With  the  pumice  soaked  in  strong  sulphuric  acid  in  the  other 
branch,  the  electrometer  reading  rose  in  the  course  of  three-quarters 
of  an  hour  to  about  9  volts  positive.  When  the  pu/mtce  was  moistened 
with  water^  instead  of  sulphuric  acid,  no  such  effect  was  observed.  The 
result  of  the  first  experiment  proves  decisively  that  the  passage  of 
the  air  through  the  (J -tube  gave  positive  electricity  to  the  sul- 
phuric acid,  and  therefore  sent  away  the  dried  air  with  negative 
electricity.  A  corresponding  experiment  with  fragments  of  pure 
chloride  of  calcium  instead  of  pumice  in  sulphuric  acid,  gave  a 
similar  result.  In  repetition  of  the  experiments,  however,  it  was 
noticed  that  the  strong  positive  electrification  of  the  \J  -tube  seemed 
to  commence  somewhat  suddenly  when  a  gurgling  sound — due  to  the 
bubbling  of  air  throagh  free  liquid,  whether  sulphuric  acid  or 
chloride  of  calcium  solution  in  the  bend  of  the  (J -tube — began  to  be 
heard.  It  has  since  been  ascertained  that  it  was  because  no  liquid 
accumulated  in  the  bottom  of  the  (J -tube  that  no  electric  effect  was 
found  when  the  pumice  was  moistened  with  pure  water. 

§  3.  Arrangements  were  made  to  prevent  any  bubbling  of  the  air 
through  liquid,  by  using  a  straight  tube  instead  of  a  (J  -tube.  In  a 
large  number  of  experiments  with  pumice,  moistened  with  pure  sul- 
phuric acid,  in  the  straight  tube,  and  air  blown  through  for  about 
half  an  hour,  no  definite  electrification  was  obtained.  In  this 
straight  tube,  as  formerly  with  the  y-tube,  pumice  moistened  with 
pure  water  g^ve  no  electrification.  Chloride  of  calcium  in  lumps, 
not  specially  dried,  gave  no  effect  in  the  straight  tube;  but  if 
previously  heated  to  180*  or  200**  and  put  into  the  straight  tube 
when  still  hot,  it  gave  an  enormous  positive  electrification  imme- 
diately on  the  commencement  of  blowing.  Strong  positive  electrifi- 
cation was  obtained  a  second  time,  by  discharging  the  electrometer 
to  zero,  re-insulating,  and  re-commencing  the  blowing.  But  after 
discharging  a  second  time,  re-insulating,  and  re-commencing  the 
blowing,  no  further  electrification  was  found. 
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§  4,  In  continnation  of  these  experimenta,  on  the  25tli  of  Septem> 
ber  the  arrangement  represented  iu  fig.  2  was  set  up.     An  outer 


metallic  gnard-veBsel,  M,  was  kept  connected  b;  a  wire  to  the  case  and 
to  one  pair  of  quadraute  of  a  qnadrant  electrometer,  E,  Water  in  an 
inner  glass  or  metal  jar.  A,  was  oonnected  by  a  platinum  wire  to  the 
other  pair  of  qnadrants  of  the  electrometer.  To  have  this  inner  jar 
well  insulated,  it  waa  supported  on  a  block  of  paraffin  ;  and  the  npper 
«nd  of  a  glass  tnbe  dipping  into  the  water  was  fitted  into  one  end  of 
a  tube  of  paraffin,  to  the  other  end  of  which  waa  fitted  a  tube  for 
ingress  of  air,  from  bellows,  as  shown  in  the  figure.  The  insalafJon 
of  this  arrangement  was  fonnd  to  be  good.  When  air  was  blown 
through  the  water  it  was  foand  that  the  jar  containing  the  water 
became  positively  electrified. 

§  5.  To  prevent  splashing  of  water  out  of  the  jar,  a  paper  cover 
ftaa  put  on  its  month,  or  the  jar  waa  tilted,  as  ahown  in  fig.  3, 
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rto  that  the  bubbles  broke  against  the  inaide  uf  the  jar.  In  three 
experimenta  thus  made,  the  same  eleotriScation  waa  atill  found, 
Amounting  to  about  6  volta  positive  in  a  quarter  of  an  hoar. 

§  6.  As  the  jar  was  in  every  experiment  positively  electrified,  Uie 
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air,  if  unelectaified*  when  entering  it,  must  have  been  negatively 
electrified  when  leaving  it. 

§  7.  To  test  if  the  air  was  negatively  electrified  after  bubbling,  on 
the  11th  of  October  the  apparatusf  shown  in  fig.  4  was  set  up.     The 


Fig.  4. 


apparatus  consists  of  a  large  sheet  iron  vat,  V  V,  123  cm.  in  diameter 
and  70  cm.  in  height,  inverted  on  a  large  wooden  tray  lined  with 
lead,  and  supported  by  three  blocks  of  wood.  By  filling  the  tray 
with  water,  the  air  is  confined  in  the  vat. 

CC  is  a  metal  screen  kept  metallically  connected  with  the  case  of  the 
electrometer,  and  with  the  vat.  It  surrounds  both  the  electrometer 
and  the  water-dropper,  to  prevent  any  external  varying  electrifica- 
tions from  vitiating  the  proper  results  of  our  experiments. 

This  screening  of  the  electrometer  is  aibsolutely  necessary  when  it 
is  used  with  high  sensibility  (70  scale  divisions  per  volt  in  our  experi- 
ments) in  a  [laboratory  or  other  place  where  various  other  electric  ex- 
periments may  simultaneously  be  going  on.  Four  years  ago  the  electro- 
meter, the  vat,  and  the  water-dropper,  were  set  up  on  the  class-room 
table  without  a  metal  screen.  When  the  deflection  indicated  about 
4  volts  negative  (see  §  8),  the  negative  lead  of  Lord  Kelvin's  house 
electric-light  circuit,  which  passes  through  the  class-room,  was  joined 
to  earth.  This  changed  the  deflection  of  the  electrometer  suddenly 
by  1  volt  in  the  positive  direction.  When  the  positive  lead  was 
"  earthed,"  the  deflection  was  changed  suddenly  by  6  volts  in  the 
negative  direction.  Putting  on  sixteen  8  c.p.  electric  lamps,  eight'on 
each  side  of  the  class-room,  changed  the  deflection  by  two-thirds  of 
a  volt  in  the  negative  direction. 

*  Air  was  Bimilarly  blown  from  bellows  into  the  vat  (see  §  7)  withouc  any 
babbling,  and  no  electrification  was  observed. 

t  The  yat,  the  water-dropper,  and  the  electrometer  are  the  same  as  in  the 
apparatus  described  in  the  '  I^ceedings  of  the  Koyal  Society,'  yoL  66,  year  1804^ 
* '  Electrification  of  Air,"  by  Lord  Kelyin  and  Magnus  Maclean. 
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§  8.  In  experimenting  with  the  same  apparatns*  in  1890  it  was 
fband  that  the  water  jet  gave  negative  electricity  to  the  ordin&iy  air 
of  the  laboratoiy  enclosed  in  the  vat.  The  present  experiments  fully 
confirm  this  result,  showing  a  gradnal  negative  electrification  oE  the 
enclosed  mass  of  air  rising  to  abont  5  volts  in  an  hour,  once  every  day 
for  the  first  few  days.  For  twenty-eight  days  after  the  vat  was  set  np 
in  October,  1894,  fifteen  observations  of  an  honr  each  wei'O  taken, 
to  find  the  effect  of  the  water- dropper,  with  no  other  disturbing 
influence  on  tlic  nnchanged  volume  of  air  inside  the  vat.  These 
experiments  verify  the  conclusion  ('  Phil.  Mag.,'  Aagnst,  1890)  that 
the  more  the  air  inside  the  vat  became  free  of  dust,  the  less  became  the 
rate  at  which  the  air  was  negatively  electrified  by  the  water-dropper. 

§  9.  On  the  loth  October  last  the  vat  was  lifted  from  the  tray  to 
remove  some  obstruction  in  the  nozzle  of  the  water-dropper,  which 
was  not  then  flowing  freely.     Curve  (6)  was  obtained  that  afternoon. 


■  '  Fhil.  Hkg.,'  AugDit,  ISOO, "  Sleolriflcatioii  of  Air  b;  a  Wat«r  Jet,"  by  Maclean 

and  Qoto. 
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The  air  in  the  vat  was  the  ordinary  air  of  the  laboral'ory,  and  the 
curve  showB  the  effect  of  the  water-dropper  alone  in  electrifying  the 
air  negatively.  For  the  nest  two  days  the  water-dropper  was  kept 
mnning  coatinnonsly  for  about  eight  houreeach  day,  to  wash  the  dust 
out  of  the  air,  and  on  the  16th  of  October  curve  (7)  waa  obtained.  It 
shows  a  much  less  rate  of  negative  electrification  than  curve  (6).  In 
the  experiments  of  summer  1890  an  aspirator  was  used  to  draw  the 
air  from  the  vat,  and  a  tnbe  full  of  cotton-wool  was  used  to  filter 
the  air  drawn  into  the  vat. 

Curves  (1)  to  (5)  are  reproduced  from  the  'Philosophical  Maga- 
zine,'  and  they  show  that  the  more  the  air  becomes  free  from  dnst 
the  less  is  the  rate  at  which  the  water-dropper  electrifies.  Tbns 
onrve  (1)  was  obtained  from  the  ordinary  air  of  the  laboratory,  in  the 
vat,  and  cuive  (2)  after  the  aspirator  was  working  for  some  time.  In 
this  carve  the  water-dropper  itself  was  running  for  some  time  before 
the  firat  observation  was  taken.  The  other  curves  were  obtained 
after  further  continuous  working  of  the  aspirator. 
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After  curve  (1)  was  obtained  the  aspirator  was  worked  cuntina- 
ouBly  for  twenty-five  hours,  and  then  curve  (5)  was  obtained. 

§  10.  At  the  end  of  ivrenty -three  da ja  of  October  nad  Xovember 
1894  (§g  8,  9  above),  when  tfae  air  inside  the  vat  must  have  been 
fairly  free  from  dual,  and  when  the  water-dropper  of  itself  was  f^iving 
little  negative  electrification,  we  babbled  air  into  it  b;  a  forked  tube, 
une  end  of  which  was  connected  to  a  bellows,  and  three  other  open 
ends  were  below  the  water  inside  the  vat.  In  five  experiments  thus 
made — two  on  November  7,  two  on  November  8,  and  one  on  Decem- 
ber 17— an  average  negative  electrification  of  5  volts  in  twelve 
minatea  was  obtained. 

§  11.  We  now  arranged  a  U-*"^^  vi\t^i  pure  waf«r  in  it  (fig.  4) 
outside  the  vat.  Air  from  the  bellows  bubbled  through  the  water 
in  this  (J,  and  was  carried  thence  by  a  block-tin  pipe  into  the 
vat  without  any  further  bubbling.  Observations  by  the  quadrant 
electrometer,  while  the  water-dropper  was  mnning  and  the  bellows 
worked,  gave  na  measurementa  of  the  varying  atate  of  the  electrifica- 
tion of  the  air  in  the  vat.  The  average  of  fifteen  experiments  gave 
a  negative   electrification   of  the  air  in  the  vat  of  8^  volta  in  25 
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minutes.  The  rate  at  which  the  air  was  blown  in  in  these  experi- 
ments was  SQoh  as  to  displace  the  entire  volame  of  air  in  the  vat  in 
half  an  hour. 

§  12.  Curve  (8)  shows  the  rate  of  electrification  of  air,  in  one  of 
the  fifteen  experiments,  when  thus  bubbled  through  the  water  in  the 
IJ-tube  and  then  admitted  int^o  the  vat. 

§  13.  Two  \J  -tubes,  in  series,  with  water  in  each,  did  not  seem  to 
give  a  perceptibly  cumulative  effect. 

§  14.  The  effect  of  one  or  more  wire  gauze  strainers  between  the 
U-tube  and  the  vat,  or  between  the  JJ-tube  and  the  bellows,  was 
next  tested.  The  gauzes  were  placed  between  short  lengths  of  lead 
tube,  which  were  held  together  by  a  rubber  tube  slipped  over  them. 
The  arrangement  is  shown  by  longitudinal  and  cross  sections  in  fig.  5. 

Fio.  5. 
Wire  G€Luxes      Luid-, 
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Twelve  wire  gauzes,  with  or  without  cotton-wool  between  them, 
placed  between  the  bellows  and  the  (J -tube,  did  not  prevent  the  sub- 
sequent electrification  by  bubbling  of  the  air  thus  filtered.  But  when 
placed  between  the  (J -tube  and  the  vat  they  almost  entirely  diselec- 
trified  the  air,  even  without  the  cotton-wool,  and  still  more  decidedly 
when  cotton-wool  was  loosely  packed  between  the  wire  gauzes.  A 
single  wire-gauze  strainer  produced  but  little  of  dis-electrifying  effect. 

§  15.  The  interpretation  of  these  experiments  is  complicated,  and 
the  time  required  for  each  is  lengthened,  on  account  of  the  large 
mass  of  air  in  the  vat  to  start  with,  whether  uncharged  or  retaining 
electricity  from  previous  experiments,  and  also  on  account  of  the 
effect  of  the  water-dropper  itself.  Hence,  in  our  later  experiments, 
we  fell  back  on  the  arrangement  shown  in  fig.  2,  by  which  we  test 
the  electrification  of  the  liquid,  and  not  directly  that  of  the  gas'  blown 
through  it. 

§  16.  In  our  first  experiments  with  this  apparatus  the  amount  of 
the  electrification  did  not  seem  much  affected  when  a  paper  cover 
was  put  on  the  jar,  or  when  we  tilted  the  jar  as  shown  in  fig.  3. 
We  now  made  a  large  number  of  tests  with  different  covers  and 
screens  (chiefly  of  sheet  copper  or  sheet  zinc,  or  brass  wire  gauze)  at 
different  heights  above  the  liquids,  and  we  concluded  that,  if  the 
screens  are  not  within  a  centimeti*e  and  a  half  of  the  liquid  surface, 
they  do  not  directly  affect  the  magnitude  of  the  electrification  obtained. 
In  nearly  all  of  the  subsequent  experiments  a  horizontal  circular  sereen 
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of  thin  sheet  copper,  leaying  an  air  space  of  aboat  3  mm.  all  round 
between  its  edge  and  the  inner  surface  of  the  jar,  about  3  cm.  above 
the  liquid  surface,  was  used  to  prevent  spherules  of  the  liquid  from 
being  tossed  out  of  the  jar  by  the  bubbling. 

§  1?.  In  the  following  short  summary  of  our  results  the  duration 
of  each  experiment  was  10  minutes.  The  effect  of  blowing  air 
through  water  and  other  liquids  is  summarised  in  §§  18  to  27,  and  of 
blowing  other  gases  than  air  through  water  in  §§  28  to  31. 

§  18.  The  jar  contained  200  c.c.  of  the  Glasgow  town-supply  water 
(from  Loch  Katrine).  A  mean  of  seventeen  experiments  showed  an 
electrification  of  the  jar  to  4  volts  positive  when  air  was  blown 
through  it  for  10  minutes. 

§  19.  A  solution  of  zinc  sulphate  of  different  strengths  was  now 
used  instead  of  the  pure  water.  Three  experiments,  with  150  c.c. 
of  water  containing  one  drop  of  a  saturated  solution  of  the  zinc 
sulphate,  gave  half  the  positive  electrification  that  would,  under 
similar  circumstances,  have  been  obtained  from  water  only.  With 
five  drops  no  definite  electrification  was  obtained.  With  greater 
proportions  of  the  zinc  sulphate  solution  up  to  saturation  (twenty- 
four  experiments  altogether)  the  electrification  was  on  the  average 
slightly  negative. 

§  20.  Twelve  experiments  were  then  made  to  test  the  effect  of 
adding  a  solution  of  ammonia  to  the  water.  One  drop  reduced  the 
electrification  to  one-half;  two  drops  brought  it  down  to  one-quarter. 
With  larger  proportions  of  ammonia  than  this,  up  to  a  saturated 
solution,  we  found  a  very  slight  positive  electrification,  never  amount- 
ing to  more  than  a  small  fraction  of  a  volt,  and  therefore  negligible 
in  the  circumstances. 

§  21.  Seven  experiments  with  sulphuric  acid  of  different  strengths 
all  showed  small  positive  electrification,  the  amount  gradually  de- 
creasing from  ^  volt,  in  10  minutes,  with  0*5  per  cent,  acid  in  water 
to  -^  volt,  in  the  same  time,  with  acid  of  full  strength. 

Seven  experiments  with  hydrochloric  acid  solution  of  different 
strengths  all  showed  a  small  negative  electrification,  the  amount 
gradually  increasing  from  ^  volt,  in  10  minutes,  with  ^  per  cent,  acid 
solution  in  water  to  1^  volts,  in  the  same  time,  with  acid  solution  of 
fall  strength. 

Nine  experiments  with  calcium  chloride  solution  were  made.  A 
saturated  solution  and  a  solution  diluted  to  75  per  cent,  of  full 
strength  gave  no  result;  but  solutions  of  gradually  diminished 
strength,  from  50  per  cent,  down  to  iV  per  cent.,  showed  a  negative 
electrification  from  fully  ^  volt,  in  10  minutes,  down  to  y^  volt. 

Additions  of  very  small  quantities  of  washing  soda  to  water  greatly 
reduce  the  positive  electrification  obtained. 

Loch  Katrine  water,  supersaturated  with  carbonic  acid,  and  placed 
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in  the  insulated  jar,  showed,  when  air  was  babbled  through  it  for  ten 
minutes,  a  negative  electrification  of  ^  volt. 

§  22.  Ten  drops  of  paraffin  oil  added  to  water  reduced  the  electri- 
fication to  about  half  of  that  obtained  from  water  only.  Thirty  drops 
reduced  it  to  about  a  tenth,  which  as  it  amounted  to  only  0*4  volt 
during  the  time  of  the  experiment  is  negligible. 

§  23.  Ten  drops  of  benzene  reduced  the  electrification  to  half,  and 
thirty  drops  to  about  a  third  of  that  taken  by  pure  water. 

§  24.  A  saturated  solution  of  granulated  phenol  (carbolic  acid) 
was  made,  and  small  portions  of  it  added  to  the  water  in  the  jar. 
Several  experiments  showed  no  diminution  in  the  electrification  as 
long  as  the  quantity  of  the  phenol  solution  present  in  the  water  was 
under  10  per  cent.  With  25  per  cent,  the  electrification  was  reduced 
to  a  third.  With  strengths  greater  than  this  up  to  saturation  the 
electrification  was  reduced  to  one-sixth. 

§  25.  A  saturated  solution  of  common  salt  was  prepared.  Blowing 
air  through  200  c.c.  of  water  containing  the  quantities  of  the  salt 
solution  mentioned,  gave  us  in  10  minutes  the  following  electrifi- 
cations : — 


(a.)  0  '004  per  cent,  of  saturated  solution  of  salt 

Id 

"vrater. . 

2  -4  volts 

positire. 

(b.)  0  -02 

1-2 

(c.)  0-1 

0-6 

(d.)  0-5 

0-4 

(«.)  2-0 

0  15 

(/.)  4  0 

0  0 

§  26.  Several  experiments  showed  that  with  200  c.c.  of  water  oon- 
taining  not  more  than  ten  drops  of  absolute  alcohol,  practically  the 
same  amount  of  positive  electrification  (4  volts  in  ten  minutes)  is 
obtained  as  if  pure  water  were  used.  With  fifty  drops  less  than 
2  volts  were  got,  and  with  100  drops  less  than  1  volt.  25  and  50 
per  cent,  alcohol  in  the  water  gave  very  small  and  hence  negligible 
positive  electrification. 

§  27.  One  drop  of  saturated  solution  of  copper  sulphate  in  200  c.c. 
of  water  showed  1  volt  positive  in  10  minutes.  With  ^  per  cent,  of 
it  in  the  water,  the  electrification  was  reduced  to  a  fraction  of  a 
volt  positive.  With  greater  proportions  of  copper  sulphate  present, 
up  to  saturation,  slightly  negative  electrifications  were  obtained,  but 
never  amounting  to  more  than  about  one- tenth  of  a  volt,  and  hence 
negligible. 

§  28.  On  blowing  carbonic  acid  gas,  from  a  cylinder  obtained  from 
the  Scotch  and  Irish  Oxygen  Company,  through  pure  water  in  the 
glass  jar,  the  water  became  electrified  to  8|  volts  positive  in  ten 
minutes.  Blowing  the  breath  through  water  gave  an  electrification 
of  3  volts  positive  in  the  same  time :  this  diminished  result  is  doubt- 
less due  chiefly  to  the  diminished  rate  of  bubbling. 
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§  29.  The  blowing  of  oxygen  from  a  cylinder,  obtained  from  the 
Oxygen  Company,  through  water,  gave  as  a  mean  of  four  experiments, 
a  positive  electrification  to  the  water  of  half  a  volt  in  10  minutes. 
When  continued  for  55  minutes,  it  gave  the  very  decided  result  of 
5  volts  positive. 

§  30.  Hydrogen  prepared  from  zinc  and  dilute  sulphuric  acid  was 
passed  into  a  large  metal  gas-holder ;  and  was  passed  on  from  this  to 
bubble  through  the  water  in  the  insulated  jar.  In  two  experiments 
this  was  done  immediately  after  the  preparation  of  the  hydrogen  ;  in 
another  it  was  done  after  the  hydrogen  had  remained  18  hours  in  the 
gas-holder.  In  each  of  the  three  experiments  the  water  was  electrified 
to  2  volts  positive  in  10  minutes. 

AVhen  the  hydrogen  was  allowed  to  pass  direct  through  a  tube 
from  the  Wolff e*s  bottle  where  it  was  generated,  to  bubble  in  the  in- 
sulated jar,  the  magnitude  of  the  effect  obtained  was  very  much 
larger.  In  one  case  a  mixture  of  muriatic  acid  and  sulphuric  acid 
and  water  was  used,  and  the  reading  went  off  the  scale  positive  in 
30  seconds  (more  than  10  volts).  In  other  two  experiments,  with  dilute 
sulphuric  acid  and  zinc  in  the  Wolffe*s  bottle,  the  electrifications 
obtained  were  6  volts  positive  in  7  minutes,  and  7 '3  volts  positive 
in  13  minutes,  in  the  last  of  which  the  hydrogen  was  allowed  to 
bubble  through  caustic  potash  contained  in  a  small  bottle  between 
the  Wolffe's  bottle  and  the  insulated  jar. 

The  hydrogen  was  next  generated  in  the  insulated  jar  itself,  the 
tube  for  ingress  of  air  used  in  the  ordinary  experiments  being  taken 
away.  200  c.c.  of  pure  water,  along  with  some  granulated  zinc,  was 
put  into  the  jar.  Then  some  pure  sulphuric  acid  was  added,  and 
electrometer  readings  were  taken.  In  two  experiments  with  no 
screen  in  the  jar  (§  16)  the  reading  went  off  the  scale  negative  (1) 
in  2  minutes  and  (2)  in  4  minutes  (more  than  9  volts  in  each  case). 
In  another  experiment,  in  other  respects  the  same,  but  with  a  copper 
screen  7  cm.  above  the  surface  of  the  liquid,  the  electrification 
showed  2  volts  negative  in  2  minutes,  then  came  back  to  zero  in 
5  minutes,  and  in  the  next  6  minutes  went  4  volts  positive.  The  jar 
and  pair  of  quadrants  connected  with  it  were  then  metallically  con- 
nected with  the  outer  case  of  the  electrometer  for  a  few  seconds,  and 
reinsulated  ;  in  5  minutes  the  reading  went  up  to  2  volts  positive.  A 
little  more  sulphuric  acid  was  added  to  the  jar,  which  was  disinsu- 
laied  for  a  short  time  and  reinsulated;  the  reading  went  up  to 
7  volts  positive  in  4  minutes.  The  jar  was  again  disinsulated  for  a 
few  seconds  and  reinsulated;  the  reading  went  up  in  4^  minutes  to 
6^  volts  positive. 

§  31.  Coal-gas,  bubbled  through  water  in  the  insulated  jar,  gave 
1*4  volts  positive  in  10  minutes. 

§  32.  In  the  ordinary  experiment  of  bubbling  air  through  a  small 
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quantity  of  water  in  the  bottom  of  the  jar  it  was  noticed  that  the 
electrification  did  not  commence  to  he  perceptible  generally  till  abont 
the  end  of  the  first  minute;  and  that  it  went  on  augmenting  per- 
ceptibly for  a  minute  or  more  after  the  bubbling  was  stopped.  The 
following  experiment  was  therefore  tried  several  times.  One  of 
us  stood  leaning  over  the  jar,  with  the  head  about  10  ins.  above  it, 
and  the  mouth  so  partly  closed  that  breathing  was  effected  sideways ; 
another  blew  the  bellows;  and  another  took  the  readings  of  the 
electrometer.  After  bubbling  had  been  going  on  for  some  minutes, 
and  the  readings  were  rising  gradually  (4  volts  per  10  minutes,  as  in 
§18),  blowing  was  stopped.  As  soon  as  the  bubbling  ceased,  the 
first- mentioned  observer,  without  moving  his  head  or  his  body  (see 
§  ?,  regarding  the  necessity  to  have  the  electrometer  screened  from 
outside  influences)  blew  into  the  jar  to  displace  the  negatively 
electrified  air  in  it.  In  every  case  the  electrometer  reading  showed 
instantly  a  small  rise  in  the  positive  direction. 

In  the  carrying  out  of  these  experiments  we  have  received  much 
valuable  help  from  Walter  Stewart,  M.A.,  and  Patrick  Hamilton, 
B.Sc. 

§  33.  The  very  interesting  experiments  described  by  Lenard,  in  his 
paper  on  the  Electricity  of  Waterfalls,*  and  by  Professor  J.  J. 
Thomson,  on  the  Electricity  of  Drop6,t  show  phenomena  depending, 
no  doubt,  on  the  properties  of  matter  to  which  we  must  look  for 
explanation  of  the  electrical  effects  of  bubbling  described  in  our 
present  communication,  and  of  the  electrification  of  air  by  drops  of 
water  falling  through  it,  to  which  we  have  referred  as  having  been 
found  in  previous  experiments  which  were  commenced  in  1890  for  the 
investigation  of  the  passage  of  electrified  air  through  tubes.^ 


II.  "  Note  on  the  Spectrum  of  Argon."  By  H.  F.  Nrwall. 
Communicated  by  LoRD  Rayleigh.  Received  February 
14,  1895. 

In  the  course  of  a  spectroscopic  investigation  ia  which  I  have  been 
for  some  time  past  engaged,  a  line  spectrum,  which  so  far  as  I  was 
able  to  make  out  was  unknown,  has  frequently  presented  itself  upon 
my  photographs.  It  appeared  in  May  and  June,  1894,  under  condi- 
tions which  led  me  to  call  it,  for  the  sake  of  convenience,  "  the  low- 
pressure  spectrum."  After  their  announcement  at  the  Oxford 
meeting  of  the«  British  Association,  it   seemed  for  many  reasons 

•  *  Wiedemann's  Annalen,'  1892,  vol.  46,  pp.  584—636. 
t  *  Phil.  Mag./  April,  1894,  vol.  37,  pp.  341—358. 

X  "  Electrification  of  Air  bj  a  Water  Jet.*'  By  Magnus  Maclean  and  Makita 
Goto,  'Phil.  Mag.,*  August,  1890,  vol.  80,  pp.  148—152. 
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natorai  to  borrow  the  first  letter  of  Lord  Rajleigh's  and  Professor 
Ramsay's  names  to  give  to  the  unknown  lines,  and  in  the  measure- 
ments of  the  photographs  which  showed  the  lines  well,  there  appears 
an  *^ B "  against  seventeen  lines  out  of  sixty-one  measured,. the  re« 
maining  lines  being  known  to  belong  to  Hg,  H,  N,  and  nitrocarbons. 
It  transpires  now,  as  I  learnt  from  reading  the  abstract  of  ike  paper 
in  which  Lord  Rayleigh  and  Professor  Ramsay  describe  their  con- 
summate researches  on  argon,  that  the  symbol  '*  A ''  should  hare  been 
used  instead  of  **  R  "  to  designate  the  lines  on  my  photographs.  For 
the  lines  are  Argon  lines. 

The  conditions  under  which  the  spectrum  of  argon  has  appear^ 
in  my  investigations  are  of  interest  at  the  present  time,  and  I  hope  a 
description  of  them  may  not  be  unacceptable. 

A  glass  bulb  was  sealed  hermetically  to  a  mercury  pump  of  the 
Hagen-Topler  form,  in  which  there  was  strong  sulphuric  acid  floating 
on  the  surface  of  the  mercury.  The  bulb  was  exhausted  as  low  as 
possible  and  refilled  with  air.  The  pressure  was  reduced  to  about 
180  Millionths  of  an  atmosphere  (=  0*14i  mm.),  at  which  pressure  a 
bright  discharge  could  be  passed  through  the  residual  gases  by  means 
of  Professor  J.  J.  Thomson's  method  of  surrounding  the  bulb  by  a 
coil  of  wire,  which  carries  a  very  rapidly  alternating  current  produced 
by  the  discharge  of  a  condenser. 

The  discharge  was  passed  for  thirty  minutes,  during  which  time  a 
photograph  of  the  spectrum  was  taken.  The  pressure  of  the  gas  in 
the  bulb  fell  during  the  passage  of  the  discharge  from  the  value 
174  M  (=  013  mm.)  to  112  M  (=  0085  mm.).  The  spectrum  shows 
the  bands  of  nitrogen  strong,  also  mercury  lines  and  nitrocarbon 
groups  strong,  hydrogen  weak,  no  oxygen  or  argon. 

Again  the  discbarge  was  passed  for  thirty  minutes  and  a  new  pho- 
tograph was  taken.  The  pressure  fell  from  100  M  (=  0*076  mm.)  to 
20M  (=  0015 mm.)  ;  the  nitrogen  spectrum  had  faded  considerably, 
and  there  had  appeared  a  number  of  fine  lines  which  I  was  unable, 
in  spite  of  careful  efEorts,  to  identify  with  the  lines  of  auy  known 
substances. 

The  nature  of  my  method  of  investigation  of  spectra  is  such  that 
it  is  not  difficult  to  pick  out  of  the  numerous  spectra  which  appear 
superposed  on  the  photographic  plate,  the  lines  which  belong  to  any 
one  spectrum.  [The  photographic  reproductions  sent  herewith  show 
clearly  the  ease  with  which  this  may  be  done.] 

The  results  of  measurement  made  in  the  last  few  days  of  seventy- 
two  lines  in  my  "  low-pressure  spectrum  '*  are  given  below,  and  side 
by  side  are  given  the  measurements  of  the  wave-lengths  determined 
by  Mr.  Crookes  for  the  argon  lines. 

The  agreement  of  the  measurements  shows  conclusively  that  we 
have  been  measuring  the  same  spectrum.     Between  H^  aad^i^^^- 
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length  370,  the  agreement  is  all  that  we  ooald  hope  for,  taking  into 
aooonnt  the  fact  that  my  measnrementt  were  not  made  with  a  view  of 
giving  a  final  and  caref  nlly-oonsidered  set  of  measurements  of  wave- 
lengths, bnt  between  Hy  and  H/i  there  is  a  sjstematio  difference  of 
aboni  3  tenth-metres,  which  I  am  unable  at  present  to  account  for. 
The  agreement  of  grouping  and  intensity,  howeyer,  leaves  no  doubt 
as  to  the  identity  of  the  spectrum  of  ikiy  low-pressure  lines  with  the 
spectrum  of  argon.  I  hare  reduced  my  measurements  with  reference 
to  Rowland's  scale  of  wave-lengfths,  and  I  infer  from  the  value 
adopted  for  the  H^  (F)  line,  that  Angstrom's  scale  has  been  used  in 
Mr.  Crookes'  reduction^  The  difference  between  the  scales  is  not 
enough  to  account  for  the  disarepaneies  above  referred  to. 

The  experiments  were  repeated,  with  slight  variational  several 
times  with  results  which,  so  &r  as  the  specfttum  of  argon  is  concerned, 
wco^  Constant.  But  it  was  noted  that  oontinued  passage  of  the  dis- 
charge appears  to  result  in  the  attaining  of  a  certain  minimum  pres- 
sure, after  which  there  is  slight  and  slow  rise  to  a  tolerably*fixed 
pressure.  It  is  not  necessary  to  dwell  on  these  points  in  the  present 
note. 

It  is  interesting  to  find  argon  asserting  itself,  unsolicited,  in  quita 
new  circumstances,  and  under  conditions  which  practioaUy  constitute 
one  more  mode  of  separating  argon  from  nitrogen — ^namely,  the 
getting  rid  of  nitrogen  by  passing  electric  discharge  through  it  in 
tbe  presence  of  hydrogen  or  moisture  and  aeid* 
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III.  "  Iron  and  Steel  at  Welding  Temperatures."  By  Thomas 
Wrightson,  Memb.  Inst.  C.E.  Communicated  by  Pro- 
fessor ROBKRTS-AUSTKN,  C.B.,  F.R.S.  Received  Feb- 
ruary 2,  1895. 

(Abstract.) 

The  object  of  this  paper  is  to  demonstrate  that  the  phenomenon  of 
welding  in  iron  is  identical  with  that  of  regelation  in  ice. 

The  author  recapitulates  experiments  made  by  him  in  1879-80, 
described  in  the  proceedings  of  the  Iron  and  Steel  Institute  for  those 
years. 

These  experiments  were  upon  cast  iron,  and  proved  the  fact  that 
this  form  of  iron  possessed  the  property  of  expanding  while  passing 
from  the  liquid  to  the  plastic  state  during  a  small  range  of  tempera- 
ture, and  then  contracted  to  the  solid  state,  and  that  the  expansion 
amounted  to  about  6  per  cent,  in  volume. 

The  experiments  were  carried  out  under  two  distinct  methods,  the 
first  being  by  the  suspending  of  a  cast-iron  ball  on  a  spiral  spring, 
and  lowering  the  ball  under  the  surface  of  a  vessel  filled  with  molten 
iron  of  the  same  quality ;  the  change  of  volume  was  registered  by 
the  contraction  of  the  spring  as  the  varying  displacement  of  the  ball 
varied  its  buoyancy. 

The  second  method  was  by  casting  15-in.  spheres  of  cast  iron, 
and  measuring  the  changing  diameter  as  the  sphere  cooled,  then 
laying  down  on  paper  a  curve  of  changing  volume,  which  in  general 
character  was  found  to  be  similar  to  the  curves  produced  by  the 
instrument  used  in  the  first  method. 

This  property  of  iron  resembles  the  similar  property  of  water  in 
freezing,  which,  within  a  range  of  about  4i*  C,  expands  about  9  per 
cent,  of  its  liquid  volume,  and  then  contracts  as  the  cooling  proceeds. 

This  property  of  water  was  investigated  by  Professor  James 
Thomson  and  by  Lord  Kelvin.  The  former  showed  that  from 
theoretical  considerations  there  was  reason  to  expect  that  in  the  case 
of  a  body  exhibiting  the  anomalous  property  of  expanding  when 
cooled  and  contracting  when  heated,  it  should  be  cooled  instead  of 
heated  by  pressure  or  impact. 

Lord  Kelvin  investigated  the  problem  experimentally  as  affecting 
freezing  water,  and  completely  demonstrated  the  truth  of  his  brother's 
reasoning. 

The  experiments  made  by  the  author  in  1879  and  1880  suggested 
the  view  that  this  property  of  ice  was  connected  with  the  property  of 
welding  in  iron,  but  this  was  only  hypothetical,  as  the  experiments 
had  been  made  on  cast  iron,  which,  probably  on  account  of  the 
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presence  of  carbon,  does  not  possess  the  property  of  welding. 
Further,  it  was  not  practicable  to  experiment  with  wrought  iron  in 
the  same  waj  as  with  cast  iron  on  account  of  the  difficulty  of  dealing 
with  that  subsfcance  in  its  liquid  form. 

Professor  Boberts-Austen  has,  however,  given  metallurgical  re- 
search a  recording  pyrometer,  and  this  has  enabled  the  author  to 
resume  the  investigation  at  the  Mint,  where  he  had  the  advantage  of 
Professor  Roberts-Austen's  assistance  and  advice.  The  method 
adopted  was  the  heating  of  bars  in  an  electric  welder,  and  as  soon  as 
the  junction  of  the  bars  was  at  a  welding  temperature,  end  pressure 
was  applied  by  mechanical  power,  and  the  weld  effected. 

The  temperature  at  the  point  of  welding  was  observed  by  placing  a 
thermo-junction  at  this  point  consisting  of  a  platinum  wire  twisted 
into  a  second  wire  of  platinum  alloyed  with  10  per  cent,  of  rhodium. 
The  electric  current  produced  at  the  thermo-junction  deflected  a 
galvanometer,  which  by  means  of  a  mirror  threw  a  spot  of  light 
upon  a  sensitised  plate  which  moved  by  clockwork  uniformly  in  a 
direction  transverse  to  the  spot  of  light.  This  produced  a  curve,  the 
ordinates  of  which  represented  time  and  temperature. 

These  curves  appear  to  show  that  a  molecular  lowering  of  tempe- 
rature took  place  immediately  the  pressure  was  applied  to  the  bar 
when  in  the  welding  condition. 

Photographic  curves  are  exhibited  which  show  that  this  fall  in 
temperature  varied  in  these  particular  experiments  from  57*"  C.  to 
19^  C,  according  to  the  circumstances  of  temperature  and  pressure. 

This  appears  to  prove  that  wrought  iron  at  a  welding  temperature 
possesses  the  same  property  of  cooling  under  pressure  which  was 
proved  by  Lord  Kelvin  to  exist  in  freezing  water,  and  on  which 
demonstration  the  generally  received  theory  of  regelation  depends. 

The  author  distinguishes  the  process  of  melting  together  of  metals 
from  that  of  welding. 

Either  process  forms  a  junction,  but  the  latter  takes  place  at  a 
temperature  considerably  below  the  melting  point. 

The  well-known  and  useful  property  of  welding  in  iron  appears, 
therefore,  to  depend,  as  in  the  case  of  regelation  in  ice,  upon  this 
critical  condition,  which  exists  over  a  limited  range  of  temperature 
between  the  molten  and  the  plastic  state. 
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IV.  "  The  Composition  of  the  Extinctive  Atmospheres  produced 
by  Flames."  By  Frank  Clowes,  D.So.  Lond.  Communi- 
cated by  Professor  ARMSTRONG,  FJI.S.  Received  February 
7, 1895. 

In  a  former  paper  CRoy.  Soo.  Proc.,'  vol.  56),  the  author 
communicated  the  results  obtained  by  mingling  gases,  which  were 
extinctive  of  flame,  with  air,  until  a  flame  burning  in  the  air  was 
just  extingaished.  The  gases  used  in  the  experiments  were  carbon 
dioxide  and  nitrogen.  Each  of  these  gases  was  separately  intro- 
duced into  the  air,  and  the  composition  of  the  atmosphere  thus  pro- 
duced, which  jast  extinguished  flame,  was  determined  by  chemical 
analysis. 

The  general  results  arrived  at  were : — 

1.  That  wick-fed  flames  require  atmospheres  of  very  similar  com- 

position to  extinguish  them:    while  gas-fed  flames    require 
atmospheres  of  widely  diflerent  composition. 

2.  That  nitrogen  must  be  added  in  larger  proportion  than  carbon 

dioxide,  in  order  to  extinguish  the  same  flame. 

3.  That  the  minimum  proportion  of  extinctive  gas  which  must  be 

mingled  with  air  in  order  to  extinguish  a  flame  is  independent 
of  the  size  of  the  flame. 

A  sapplementary  series  of  experiments  has  now  been  undertaken 
in  order  to  determine  the  composition  of  the  atmosphere  extinctive 
of  each  flame,  which  is  produced  by  the  flame  itself  when  burning  in 
an  inclosed  volume  of  air  at  atmospheric  pressure. 

Preliminary  tiials  showed  that  in  order  to  secure  trustworthy 
results,  the  atmosphere  must  not  be  in  contact  with  water.  It  was 
farther  found  necessary  to  avoid  change  of  pressure  in  the  inclosed 
atmosphere  during  the  combustion  of  the  flame. 

These  necessary  conditions  were  complied  with  by  allowing  the 
flames  to  burn  in  a  bell-jar,  the  bottom  of  which  was  closed  by 
dipping  into  a  sufficiently  deep  vessel  of  mercury.  The  neck  of  the 
bell -jar  was  closed  by  a  cork  bearing  a  y  -shaped  mercury  gauge, 
and  a  glass  tube  with  a  stopcock. 

While  the  flame  was  burning,  the  pressure  of  the  air  within  the 
bell-jar  was  maintained  uniform  by  raising  or  lowering  the  bell-jar 
sufficiently  to  maintain  the  mercury  levels  unchanged  in  the  pressure 
gauge.  As  soon  as  the  flame  was  extinguished  by  the  atmosphere 
around  it,  the  vessel  was  allowed  to  stand  until  the  atmosphere  within 
had  become  uniform  in  temperature  with  the  air  around.  A  portion 
of  the  gases  within  the  bell- jar  was  then  removed  by  means  of  the 
stopcock-lube  to  a  Hempel  gas-burette,  and  was  subjected  to  ordinary 
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▼olametrio  analysis  by  ftbBorption.  Each  experiment  and  analysis 
wu  repeated  in  daplicate,  and  freqnently  in  triplicate.  The  resnlts 
obtained  vera  either  identical  or  closely  concordant,  except  in  the  case 
of  methane;  bnt  the  flame  of  ethj-Iene  conld  not  be  maintained  nnder 
the  conditions  of  the  experiment. 

The  ^aa  was  bnmt  from  a  tabe  passing  through  the  meronry  and 
terminating  in  a  jet  jnst  above  the  sorface  of  the  meroniy.  The 
liquids  were  burnt  from  wicks  contained  in  small  shallow  vessels 
Boating  upon  the  surface  of  the  meronry. 

As  in  the  previons  aeries  of  experiments  (btc.  cit.)  the  oombostible 
substances  used  were  chiefly  those  which  are  burnt  for  ordinary 
keoting  and  lighting  purposes. 

The  mean  results  are  i»balated  below. 
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Percentage   Composition  of  the  Residual  Atmosphere  and  of  the 
Artificial  Atmosphere  in  which  Flame  is  jost  extingfoished. 


I 


Combustible  substances 
burnt. 


Percentage  composition  of 

the  residua]  atmosphere 

in  which  the  flame  was 

extinguished. 


O. 


Alcohol,  absoluto 14  *9 

Alcohol,  methylated 15  *6 

Paraffin,  lamp  oil 16  '6 

Colza  and  paraffin    '  16  *4 

Candle '  16-7 


Hydrogen 6  *5 

Carbon  monoxide ,  13  *85 

Methane '  15  *6 

Ethylene  ((ailed) j      — 

Coal-gas 11*85 


N, 


CO,. 


80-7 
80-25 
80-4 
80-5 
81  1 


94-5 
74-4 
82-1 

88-75 


4*35 
4  15 
3-0 
8  1 
8-2 


12-25 
2-3 

4-9 


Proportions  per  cent. 

of  O,  and  N^  in  which 

flame  is  extinguished 

when  introduced. 


O, 


16*6 
17-2 
16-2 
16-4 
16*4 


6*3 

15-1 

17-4 

[13-2 

11*3 


N,. 


83-4 

82-8 
83-8 
83-6 
83*6 


93-7 

84-9 

82*6 

86-8] 

88-7 


In  the  above  table  the  results  are  given,  which  were  obtained  by  the 
analysis  of  the  residual  atmospheres,  in  which  the  flame  had  burnt  until 
it  was  extinguished.  Since  the  proportions  of  carbon  dioxide  contained 
in  these  atmospheres  are  small,  the  composition  of  the  artificial  atmo- 
spheres consisting  of  nitrogen  and  oxygen  only,  in  which  the  flames 
were  just  extinguished  when  they  are  inserted,  are  also  stated  for 
comparison.  It  will  be  noticed  that  the  general  agreement  in  com- 
position shown  by  the  two  classes  of  extinctive  atmospheres,  so 
dilPerently  produced,  is  well  maintained ;  and  when  the  conditions  of 
the  experiments  are  taken  into  account  the  recent  series  of  results  are 
confirmatory  of  the  general  accuracy  of  those  previously  obtained. 

I  have  to  acknowledge  the  assistance  rendered  by  M.  E.  Feilmaxm, 
B.Sc,  in  carrying  out  the  experimental  work  involved  in  this 
investigation. 

[February  18,  1895.]  It  is  noteworthy  that  the  composition  of  the 
extinctive  atmosphere  produced  by  the  flame  of  a  candle,  or  of  oil,  or 
of  alcohol,  closely  corresponds  with  the  average  composition  of  air 
expired  from  the  lungs.  The  composition  of  the  last  portion  of  air 
which  is  expired  varies  somewhat  with  the  length  of  time  during 
which  the  air  has  been  retained  in  the  lungs.  The  following  percentage 
composition  by  volume  was  determined  : — 
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Analjuet  of  expired  air. 


Air  expired  immediatelj  after  haying  been 
inhaled 

Air  expired  about  40  secondi  after  haying 
been  inhaled 

Ayerage  composition  of  expired  air 


Oj. 

N,. 

CO,. 

17-4 

U'9 

78-4 
81*4 

4*2 
8-7 

16  16 

79-9 

8*95 

According  to  the  statements  published  by  Dr.  J.  Haldane  ('  Roj. 
Soc.  Proc./  December  6,  1894),  an  atmosphere  of  the  aTerage  com- 
position of  expired  air,  or  of  that  left  bj  the  combustion  of  candles  or 
lamps,  although  it  is  extinctive  of  the  flames  of  candles  and  of  lamps, 
can  be  breathed  by  most  people  without  producing  any  distinctly 
noticeable  effect.  With  some  people,  the  increased  proportion  of 
carbon  dioxide  would  cause  the  inspirations  to  be  somewhat  deeper 
than  usual,  but  in  no  case  would  injury  to  health  result  from  breath- 
ing such  an  atmosphere. 

The  statement  made  by  the  author  in  a  previous  paper  (^Boy.  Soc. 
Proc.,'  vol.  56),  that  men  could  apparently  breathe  with  safety  an 
atmosphere  which  just  extinguished  the  flame  of  a  candle  or  of  a 
lamp,  is  therefore  fully  borne  out  by  the  above  results.  This  agrees 
with  the  statements  made  by  experienced  mining  authorities. 
Accordingly  the  extinction  of  such  ordinary  illuminating  flames  can- 
not be  considered  as  proof  that  an  atmosphere  is  not  respirable  with 
safety. 

The  residual  atmosphere  produced  by  the  hydrogen  flame  is 
undoubtedly  not  respirable,  on  account  of  the  greatly  diminished 
proportion  of  oxygen  which  it  contains.  The  colour  of  the  hydrogen 
flame  undergoes  a  distinct  change  in  colour  from  reddish-purple  to 
blue  as  the  proportion  of  oxygen  in  the  atmosphere  is  diminished. 
Since  a  similar  change  of  colour  is  noticed  when  carbon  dioxide  is 
present  in  the  atmosphere,  it  is  probably  due  to  the  lowering  of 
temperature  of  the  flame :  all  attempts  to  detect  the  production  of 
carbon  monoxide  by  this  flame,  when  it  is  burning  in  air  containing 
carbon  dioxide,  have  failed. 

The  conclusions  which  may  be  drawn  from  the  above  results  are 
that : — 

1.  The  flames  of  the  combustible  gases  and  liquids,  which  were 

experimented  upon,  produce,  at  the  point  of  extinction  in  an 
enclosed  atmosphere,  a  change  in  the  proportion  of  oxygen  in 
the  air  generally  corresponding  to  that  produced  by  pi^eparing 
extinctive  atmospheres  by  artificial  mixture. 

2.  The  flames  of  candles  and  lamps,  when  they  are  exting^uished  by 
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burning  in  a  confined  space  of  air,  produce  an  atmosphere  of 
almost  identical  composition  with  that  of  air  expired  from  the 
lungs. 

3.  The  extinctive  atmospheres  produced  by  the  combustion  of  the 

flames  of  candles  and  of  lamps,  and  the  air  expired  from  the 
lungs  after  inspiring  fresh  air,  are  respirable  with  safety. 

4.  The  extinction  of  an  ordinary  candle  or  lamp  flame  is  not  neces- 

sarily indicative  of  the  unsuitabilifcy  of  an  atmosphere  to 
maintain  life  when  it  is  breathed. 
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BroDgniart  (Charles)      Recberclies    ponr    servir    &    rHistoire    des 

Insectes  Fossiles  des  Temps  Primaires,  pr^c^d^s  d'une  fitnde 

sur  la  Nervation  des  Ailes  des  Insectes.     Texte  &  Atlas.    4to. 
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Folio.     Or&wh(yr(mgh  Eill  1%^.  The  Author. 
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February  28»  1895. 

Sir  JOHN  EVANS,  K.O.B.,  D.O.L.,  LL.D.,  Vioe-PreBident  and 

Treaenrery  in  the  Chair. 

PxofeoBor  Alexander  Agassiz,  who  was  elected  a  Foreign  Member 
in  1891,  was  admitted  into  the  Society. 


A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

This  Meeting  having  been  appointed  bj  Council  as  a  Meeting  for 
Discossion,  the  following  papers  were  taJcen  as  the  subject  of  the 


L  Report  of  the  Committee,  consisting  of  Mr.  Galton  (Oiair* 
man),  Mr.  F.  Darwin,  Professor  Macalister,  Professor 
Meldola,  Professor  Poulton,  and  Professor  Weldon, 
*^for  Conducting  Statistical  Inquiries  into  the  Measniw 
able  Characteristics  of  Plants  and  Animals."  Part  L 
^An  Attempt  to  Measure  the  Death-rate  due  to  tiie 
Selective  Destruction  of  Carcinus  Mcenae  with  respect  to 
a  Particular  Dimension." — Drawn  up  for  the  Committee 
by  Professor  Weldon,  F.R.S.  Received  November  20, 
1894. 

Among  the  material  available  for  the  purposes  of  the  Committee 
was  a  sample  of  Oarcinus  masnae^  firom  Plymouth  Sound,  including  a 
fairly  large  number  of  young  females.  The  distribution  of  abnor* 
malities  in  certain  dimensions  had  already  heen  determined  for  adult 
females  from  the  same  locality  ('  Roy.  Soc.  Proc.,'  vol.  54,  pp. 
318 — 329) ;  and  it  seemed  worth  while  to  compare  the  frequency  of 
abnormalities  in  young  individuals  at  various  stages  of  growth  with 
the  frequency  of  the  same  abnormalities  in  adult  life,  so  as  to  deter- 
mine whether  any  evidence  of  selective  destraction  during  growth 
could  be  discovered  or  not. 

About  7000  females,  varying  in  length  from  7*00  to  13*95  mm., 
were  chosen  (at  random,  except  as  regards  their  size),  and  two 
dimensions  were  measured  in  each.  The  results  were  then  compared 
with  those  of  the  corresponding  measurements,  made  upon  a  sample 
of  1000  adult  females  from  the  same  locality,  which  are  recorded  in 
the  paper  just  referred  to. 
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The  dimenBions  choEwa  were;— (1)  tb«  "frtmial  breadth" — the 
distuica  in  a  straight  line  between  the  tips  of  the  dztra-orbital  teeth 
of  the  carapace  (from  the  point  A,  fig.  1,  to  the  correspondiDR  point 
on  the  opposite  ade) ;  and  (2)  the  "  rigJU  denlary  margin,"  meaBored 
in  a  straight  line  from  the  apex  of  the  first  to  that  of  the  last 
lateral  tooth  (from  AU>B,6g.  1).  The  "length"  of  each  crab  was 
taken  as  the  length  of  the  carapace,  fi-om  the  tip  of  the  middle  inte^ 
orbital  tooth  to  the  posterior  margin  (from  G  to  D,  fig.  1).  This  is, 
of  cooTBe,  not  the  total  length  of  tbe  bod; ;  bnt  the  cnrvatare  and 
flexibility  of  the  abdomen  render  an  exact  determinaUon  of  the  real 
bod^  length  ver;  difflonlt. 

Fto.  1. 


In  order  to  oompare  the  variabiliiy  ollkdimenaion  in  oraba  whose 
carapace  is  only  7  mm.  long  with  that  of  the  oorreaponding  dimen- 
sion in  adolt  crabs,  whose  oarapaoe  length  is  from  40 — 50  mm.  or 
more,  it  is  evidently  necessary  to  adopt  some  method  of  piotoring  tfie 
crabe  ae  of  one  standard  sise ;  and  accordingly  the  measnres  obtained 
hare  always  been  expressed  in  terms  of  the  carapaoe-Iength  of  the 
crab  to  which  they  belong,  taken  as  1000.  The  measnremenb  were 
made  by  means  of  a  screw,  of  1  mm.  pitch,  oanying  the  ob\aoL  •ocoob 
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the  field  of  a  microscope,  and  by  means  of  gp:*adiiations  on  the  head 
of  the  screw  the  observations  were  recorded  to  the  nearest  handredth' 
of  a  millimetre.  It  is  believed  that  the  probable  error  of  any  obser- 
vation is  not  mnch  more  than  one  handredth  of  a  millimetre.  In 
order  to  minimise  the  effect  of  errors  of  observation,  the  results,  after 
being  expressed  as  fractions  of  the  carapace-length,  were  sorted  into 
groups,  such  that  the  measures  in  each  gpx>up  did  not  differ  bj  more 
than  0'004  of  the  carapace-length,  and  all  measures  in  the  same  group 
were  treated  as  identical.  The  unit  employed  in  tabulating  the 
results  was  therefore  0*004  of  the  carapace-length;  but  in  what 
follows  the  results  are  expressed,  for  the  greater  convenience  of  the 
reader,  in  thousandths  of  the  carapace-length.  It  will  be  noticed 
that  the  principal  effect  of  this  alteration  upon  the  results  is  to 
diminish  their  apparent  regularity — an  aberration  of  one  unit  of 
measurement  appearing  as  four  units  in  the  tables  below. 

!•  Variation  in  Fronidl  Breadth. 

An  initial  difficulty  in  determining  the  error  of  distribution  of 
frontal  breadths  about  their  mean  in  young  crabs,  arises  from  the 
great  rapidity  with  which  the  mean  itself  changes  during  growth. 
The  mean  frontal  breadth  in  the  smallest  specimens  was  found  to  be 
853*14  thousandths  of  the  carapace-length,  while  at  maturity  it  is 
only  604*94  thousandths.  The  rate  at  which  this  change  occurs  can 
be  gathered  from  the  following  table  of  the  crabs  measured,  and  the 
same  result  is  graphically  shown  in  fig.  2. 

From  this  table  it  appears  that  the  mean  frontal  breadth  changes 
at  such  aratethat  when  the  carapace-length  has  increased  0*2  mm.,  the 
frontal  breadth  has  almost  always  diminished  by  less  than  four  thou- 
sandths, that  is  to  say,  by  less  than  one  of  the  nnits  of  measurement 
here  employed.  For  the  purpose  of  the  present  investigation  the  mean 
was  therefore  considered  stationary  during  every  period  of  increase 
in  sise  of  not  more  than  0*2  mm.,  and  the  young  crabs  were  accord- 
ingly sorted  into  gi-oups,  the  individuals  of  each  group  differing  by 
leas  than  0*2  mm.  in  respect  of  their  carapace-length.  The  distribu- 
tion of  frontal  breadths  about  the  mean  was  then  examined  in  each 
group  separately. 

As  the  difference  in  sise  between  the  largest  and  the  smallest  of 
the  growing  crabs  was  7  mm.,  it  follows  that  the  material  was  divided 
into  thii*ty-five  groups.  This  subdivision  of  the  material  had  g^at 
disadvantages,  because,  instead  of  a  single  group  of  over  7000  indi- 
viduals, varying  about  the  same  mean,  from  which  a  fairly  reliable 
indication  of  the  law<  governing  frequency  of  deviation  might  have 
been  expected,  the  average  number  of  individuals  in  any  one  of  the 
available  groups  was  only  200 ;  and  from  so  small  a  number  of  obser- 
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Table  I. — Mean  Frontal  BreadtH  (F)  expressed  in  thonsandths  of  the 
Carapace-length,  corresponding  to  various  Carapace-lengths  (C), 
together  with  the  Number  of  Individuals  on  which  each  Deter- 
mination  is  based. 


c. 

F. 

Number. 

C. 

F. 

Number. 

7-1 

853-14 

159 

10-7 

798-01 

225 

7-3 

852-43 

186 

10-9 

794-96 

162 

7-5 

850-89 

172 

111 

792-14 

222 

7-7 

844-27 

142 

11-3 

789  -26 

218 

7-9 

844-22 

132 

11-5 

789  -26 

•   230 

8-1 

837-13 

224 

11-7 

786  07 

211 

8-3 

835-41 

219 

11-9 

784-53 

225 

8-5 

830-08 

214 

12-1 

782-42 

224 

8-7 

826-80 

207 

12-3 

780-92 

226 

8-9 

823-75 

214 

12-5 

778  -39 

219 

9-1 

821  -26 

191 

12-7 

772  -76 

183 

9-3 

818-33 

205 

12-9 

771  -62 

233 

9-5 

815  -89 

214 

13-1 

770-36 

131 

9-7 

811-60 

195 

13-3 

769  -86 

162 

9-9 

809-95 

226 

13-6 

767-70 

158 

10-1 

809-27 

245 

13-7 

762-51 

201 

10-3 

803-21 

253 

13-9 

763-47 

211 

10-5 

800-63 

232 

(Adult) 

(604  -94) 

(998) 

[Note, — ^Tbe  canpace-length  giTon  in  the  table  is  the  mean  of  all  lengths 
included  in  eaoh  group.  For  example,  the  entry  7*1  includes  all  crabs  measured 
in  which  the  carapace-length  was  between  7-00  mm.  and  7*19  mm.,  and  so  on.J 


nations  no  satisfactory  demonstration  of  the  law  of  variation  at  anj 
given  moment  of  growth  could  be  obtained.    Nevertheless  it  was 
necessary,  before  proceeding  further,  to  ascertain  with  some  certainty 
what  the  law  of  variation  through  the  whole  series  really  was.    The 
belief  in  which  the  work  was  undertaken  was,  that  the  law  of  varia- 
tion would  be  found  throughout  to  be  that  of  the  ordinary  probability 
equation  ;  and  this  belief  was  tested  in.  the  following  way : — In  each 
of  the  thirty-five  groups,  the  arithmetic  mean  of  the  frontal  breadths^ 
and  the  mean  of  all  the  deviations  from  it,  were  determined ;  and 
from  the   "mean  error"   found  in   this  way  the  modulus  of  the 
probability  function  was  calculated.    Then,  by  calling  the  mean  of 
each  group  zero,  and  expressing  the  deviations  from  the  mean  in 
terms  of  the  modulus,  a  number  of  curves  were  obtained,  in  each  of 
which  the  modulus  was  unity  and  the  mean  zero ;  a  similar  curve  of 
adults  was  constructed,  and  the  corresponding  ordinates  of  all  the 
thirty-six  curves  so  obtained  were  added  together.    It  is  evident  that, 
if  the  chance  function  really  expresses  the  law  of  variation  throughout 
the  series,  then  the  curve  resulting  from  the  treatment  described  will 
be  a  symmetrical  probability  carve  of  unit  modulus.      The  actual 
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Yia.  3.— Dutributioii  of  Frontal  BrMdthi  in  8069  Fsmkle  Otabi  from  FlTuoiith 
8oiiD<1,  old  Mid  joang.  Derutioiu  eipieited  In  temu  of  the  Hodnlu.  TIw 
three  cuet  of  deTikUon  greater  than  three  tiniM  the  Uodnlui  we  omitted. 

iloviations  and  tlia.t  indicated  by  the  probability  integnl  ia  fairly 
'lose.  The  mean  error  of  the  observed  curve  ia  0'5621,  whereas  i£ 
sboaldbe  lj^r=  0'564i2,  the  diiFerence  between  the  two  figtu-es  beir(r 
leas  than  0-5  per  cent.  The  error  of  mean  sqnare  is  07123,  instead  o'' 
■07071,  a  difference  of  leas  than  1  per  cent.  The  sam  of  the  aqnareH 
-of  the  poaitire  deviationa  ia  2115.  The  snm  of  the  negative  devia- 
tione  is  1992.  The  total  nnmber  of  individuals  of  deviation  more  tlian 
01  is  3593  on  the  poaitive,  3574  on  the  negative  side,  a  differeace 
of  abont  one-half  per  cent. 

On  the  whole  it  may  be  aaid  that  the  i-esnlt  agrees  with  that  given 
by  the  theory  of  probability  as  well  as  could  be  expected  from  the 
iintnber  of  obaervatioiis,  and  that  the  law  of  frequency  of  variation 
lliruDghont  the  aeries  may,  as  was  hoped,  be  asanmed  to  agree  with 
tlic  ordinary  law  of  chance. 

From  the  result  so  far  obtained  it  followed  that  a  determination 
of  the  qnartile  deviation,  or  any  other  of  the  constants  of  the  pro- 
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Table  II. — Frequency  of  all  Observed  Deviations  from  the  Mean 
Frontal  Breadth  in  8069  Female  Grabs,  yonng  and  adult,  from 
Plymoath.  The  Deviations  expressed  in  terms  of  the  Modalus. 


Limits  of  deyiations. 

Mean  deviation. 

Observed 
frequency. 

Theoretical 
frequency. 

Over    +3-29 

+  4-790 

2 

"N 

From  +3  10  to  8*29 

+  3-280 

1 

„      +2-90  „   3-09 

— 

0 

„      +2-70  „  2-88 

+  2-880 

1 

12 

„      +2-50  „  2-69 

+  2 -576 

4 

,.      +2-80  „   2-49 

+  2  -355 

4 

„      +2-10  „   2-29 

+  2-207 

4 

„      +1-90  „  2-09 

+  2-003 

28 

17 

.,      +1-70  „   1-89 

+ 1  -788 

46 

86 

„      +1  -50  „  1  -69 

+  1-598 

71 

71 

„      +1-30  „  1-49 

+ 1 -896 

137 

129 

„      +110,,   1-29 

+  1-206 

194 

217 

„      +0-90  „   1-09 

+  1-006 

295 

886 

„      +0-70  „  0-89 

+  0-805 

492 

481 

„      +0-50  „  0*69 

+  0-589 

649 

685 

„      +0-30  „  0-49 

+  0-391 

769 

774 

„      +0  10  „  0-29 

+  0  -191 

896 

872 

„      +0-09,,  -0  09 

-0-011 

902 

907 

„      -0-10  „  0-29 

-0  -213 

814 

872 

„      -0-30  „  0-49 

-0-404 

862 

774 

„      -0-60  „  0*69 

-0-611 

626 

635 

„      -0-70  „  0-89 

-0-806 

517 

481 

„      -0-90  ,,1-09 

-1000 

299 

836 

„     -1-10  „  1-29 

-1-194 

219 

217 

„      -.1-30  „   1-49 

-1-403 

118 

129 

„      -1-50  „   1-69 

-1-589 

58 

71 

„      -1-70,,   1-89 

-1-808 

33 

36 

„      -1-90  ,,2-09 

-2-016 

18 

17 

„      -2  10  „  2-29 

-2-210 

1 

-\ 

„      -2-30  „   2-49 

-2-368 

4 

„      -2-50  „   2-69 

-2-520 

3 

12 

„      -2-70  „   2-89 

-2-750 

1 

Over 

-4-450 

1 

J 

bability  equation,  would  be  a  trustworthy  guide  to  the  frequency  of 
abnormalities  at  various  periods  of  growth.  But  just  as  the  indi- 
vidual groups  were  too  small  to  allow  of  a  determination  of  the  law 
of  abnormality  in  each,  so  they  were  too  small  to  give  trustworthy 
values  of  the  quartile.  The  quartile  deviation  changes  so  slowly  with 
growth,  that  it  may  without  serious  error  be  assumed  to  be  constant 
during  the  period  represente4  by  1  mm.  of  growth  in  carapace- 
length  :  that  is,  through  the  period  covered  by  five  of  the  groups 
into  which  the  growing  crabs  were  sorted.  Therefore,  after  the 
quartile  deviation  had  been  determined  in  every  group,  the  results 
were  arranged  in  fives,  and  the  mean  of  every  consecutive  five  was 
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taken  as  the  qaartile  deviation  through  1  mm.  of  growth.   The  results 
are  shown  in  Tahle  III. 


Table  III. — Quartile  Deviation  of  Frontal  Breadths  (Q)  for  various 

Magnitudes  of  Carapace-length  (G). 


c. 

Mean  Q. 

7-5 

9-42 

8-5 

9-83* 

9-5 

9-51 

10-6 

9-58 

11 -5 

10-25 

12-5 

.      10  -79 

13-6 

10  09 

(Adult) 

(9-96) 

The  values  here  given  are  probably  not  very  reliable,  but  they 
show  that  in  the  youngest  individuals  the  quartile  deviation  is  dis- 
tinctly less  than  at  maturity ;  that  it  incres^es  with  increase  of  size, 
until  a  time  arrives  when  it  is  distinctly  greater  than  in  adult  life; 
and  that  finally  it  diminishes  again. 

The  initial  features  of  this  result, — ^the  smallness  of  the  quartile 
error  at  a  young  age,  indicating  relative  infrequency  of  deviations, 
and  the  increase  during  growth,  have  been  observed  by  Bowditch  in 
the  case  of  human  stature.  The  result  obtained  by  Dr.  Bowditch 
and  that  here  described  are  both  simply  confirmations  of  Darwin's 
statement,  that  many  variations  appear  at  a  late  period  of  develop- 
ment. 

The  initial  increase  in  the  quartile  error  may  be  attributed  to  the 
fact  that  average  young  produce  upon  the  whole  average  adults, 
wliile  animals  which  exhibit  a  deviation  of  known  amount  in  the 
yoang  state,  exhibit  on  the  whole  a  greater  deviation  with  advancing 
age.  If  this  view  be  the  true  one  (and  it  is  hoped  that  next  year  it 
may  be  possible  to  test  it  by  observation  of  living  crabs,  which  can 
be  measured  at  various  periods  of  growth),  then,  in  a  Plymouth  crab, 
which  is  of  unit  deviation  when  its  carapace  is  7  mm.  long,  the  most 
probable  deviation  when  it  has  grown  to  be  12*5  mm.  in  length  will 
be  10* 79/9*42  =  about  1*15  units.  The  probable  error  of  this  expec- 
tation is  the  expression  of  irregularities  in  the  rate  of  growth,  which 
cannot  at  present,  for  want  of  knowledge,  be  adequately  discussed. 

From  the  age  represented  by  a  length  of  12*5  mm.,  the  quartile 

*  Of  the  four  very  abnormal  values  shown  in  the  table,  three  occurred  in  this 
group.  They  have  been  omitted  in  the  determination  of  the  quartile  deviation, 
which  would  otherwise  become  9*92. 
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error  diminishes,  and  the  parallel  between  the  behayionr  of  the 
frontal  breadth  in  Plymouth  crabs  and  that  seen  hj  Bowditch  in  the 
stature  of  civilised  human  beings  ceases  to  hold.  The  obvious  sug- 
c^estion  by  which  to  account  for  this  seems  to  be  that  in  the  United 
States,  where  Bowditch  made  his  observations,  human  beings  are 
Dnder  conditions  of  such  civilisation  that  there  is  considerable  pro- 
tecfcion  of  the  physically  unfit ;  and  that  here,  as  in  other  civilised 
countries,  any  influences  which  might  in  a  savage  race  produce  selec- 
tive destruction  are  reduced  to  a  minimum,  whereas  in  the  case  of 
the  crabs  such  selective  influences  are  active. 

It  is,  of  course,  possible  that  the  deviation  of  *'  abnormal "  young 
may  in  each  individual  case  first  attain  a  maximum  and  then 
diminish  with  advancing  age ;  if  this  is  the  case,  we  cannot  know 
without  experiment.  In  the  absence  of  such  experiment,  the  hypo- 
thesis may  be  provisionally  adopted  that  the  diminution  in  the  fre- 
quency of  individuals  of  given  deviation  is  due  to  a  selective  destruc- 
tion, and  the  consequences  of  this  hypothesis  will  be  examined. 

Consider  a  population  of  crabs,  measured  at  the  time  of  their 
maximum  variability,  and  suppose  the  distribution  of  deviations 
among  the  population  to  be  accurately  represented,  for  a  particular 
organ,  by  a  probability  equation  of  modulus  C\.  Now,  let  the  number 
of  individuals  of  deviation  lying  between  db  a  be  represented  by  the 
area  dbgd  (jCLg.  4) ;  then,  if  ^({  =  2a  be  small,  compared  with  the  ob- 
served range  of  variation,  and  hi  =  — ^ — ^L,  in  other  words,  if  hi 

be  the  height  of  the  median  ordinate  BD  of  the  generalised  curve, 
then  the  whole  number  of  individuals  in  the  population  will  be 

h\C\  y/v. 

Now,  suppose  any  destruction,  which  acts  nnselectively  with  re- 
gard to  the  organ  in  question,  to  reduce  the  number  of  individuals 

area  c-ctef 
whose  deviation  lies  between  db  a,  to  cdef^  and  let  the = — -  = 

kij  or  the  height  of  the  median  ordinate  BD^  Since  this  destruction 
is  unselective,  it  will  destroy  an  equal  percentage  of  animals  of  every 
deviation,  and  will  therefore  not  alter  the  modulus.  The  population 
will  therefore  be  reduced  to  h^i  ^tt  in  number.  This  unselective  de- 
struction cannot  be  directly  measured. 

The  selective  destruction  is  most  simply  conceived  as  follows  : — 
In  ^g.  4  let  AD^HE  represent  a  curve  of  modulus  Ci,  and  let  BD' 
=  A^,  so  that  the  area  of  the  whole  curve  AD^HE  =  h^y  ^/w  represents 
the  population  left  after  unselective  destruction  has  occurred.  Then 
suppose  the  modulus  to  be  reduced  during  growth  to  Cs,  where  c^  is 
less  than  Ci,  and  let  AD'KE  be  a  curve  of  modulus  c^  The  minimum 
number  of  individuals  which  it  is  necessary  to  destroy,  in  order  to 
affect  this  reduction  in  the  modulus,  is  evidently  represented  by  the 


1895.]      into  thf  MeaaaTobh  CharacteristicB  of  Planti,  4-c.  369 


370      Report  of  the  Committee  for  conducting  Inquiries     [Feb.  28, 

shaded  area  of  tHe  figure.  The  population  after  such  destmction  is 
k^  y/ir  in  number,  and  the  shaded  area  represents  a  number  of  in- 
dividuals equal  to  A^\/ir(ci  —  C2),  so  that  the  ratio  of  animals  selec- 
tively destroyed  to  animals  which  survive  all  unselective  destruction 

is  ^LJIL^,  a  quantity  which  can  be  experimentally  determined. 

From  the  data  given  in  Table  III,  this  ratio,  for  frontal  breadths 

of  Plymouth  crabs,  becomes  or  about  0077,  so  that 

the  hypothesis  of  selective  destruction  involves  a  death-rate  of  about 
77  per  thousand  between  the  age  corresponding  to  12'5  mm.  in  cara- 
pace-length and  maturiiy,  as  a  consequence  of  deviation  in  frontal 
breadths,  and  in  the  group  of  structures,  whatever  these  may  be, 
which  are  directly  correlated  with  it. 

This  total  death-rate  does  not  affect  individuals  of  all  deviations 
alike ;  an  inspection  of  the  figure  will  show  that  the  death-rate  is  a 
function  of  the  deviation,  and  that  function  is  quite  simply  deter- 
mined. Consider  any  ordinate  E^  of  the  curve  ABEC,  and  let  its 
abscissa,  DG-,  be  of  magnitude  x ;  then  the  length  of  E^  is  'k%e'~^l^\* 
and  the  number  of  individuals  of  deviation  between  x  and  0  +  ^  is 
^g-x»/<j«^  (iJaj.    In  the  same  way,  the  height  of  the  ordinate  F^  is 

and  the  number  of  individuals  of  abnormality  within  unit  distance 
of  X  after  selection  is 

hfi-^l^  •  dx. 

The  ratio  between  the  number  of  animals  of  abnormality  x  which 
survive  the  unselective  destruction  and  those  which  are  selectively 
destroyed  is  therefore 

Eflf-EF  _  e"^/<^i«-e-^/<^*  _    _  a:^c,«-ci«)/c»v 
E^      —         e-''/<^i*        —        ^ 

So  that  if  ^  is  the  selective  death-rate  amoDg  animals  of  abnor- 
mality x^  then  that  death-rate  increases  as  x  increases  according  to 
the  equation 

where  h  is  the  numerical  value  of  Cx^c%\cxC%^  Ci  and  Ct  being  the 
values  of  the  modulus  at  the  time  of  its  maximum  value  and  at 
maturity  respectively. 

For  the  frontal  breadth  of  Plymouth  crabs,  the  value  of  A  is  about 
0015  ;  so  that  of  the  whole  number  of  animals  which  attain  the  size 
12*5  mm.,  having  an  abnormality  x  of  their  frontal  breadth,  the 
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fraction  destrojed  as  a  consequence  of  this  abnormality  before  reach- 
ing maturity  is 

It  \7ill,  of  course,  be  understood  that  little  trust  can  be  placed  in 
the  absolute  numerical  results  which  are  here  put  forward ;  the  point 
which  seems  worthy  of  confidence,  and  which  if  it  be  indeed  a  reality 
is  of  very  great  importance,  is  the  form  of  the  result.    For  by  purely 
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not  neceasftrily  the  poaitioii  of  ?qiii™imfi  destraetion.  The  treatment 
of  this  case  requires  the  help  of  a  professional  mathematician. 

It  will  be  well  to  mention  here  a  curious  indirect  confirmation  of 
the  result  just  described,  based  on  evidence  derived  from  a  quite 
different  source. 

An  attempt  has  been  made  to  show  that  physiological  accidents  of 
a  kind  leading  to  change  in  the  length  of  a  portion  of  the  carapace 
affect  a  crab  at  a  rate  measured  by  the  value  of  the  quantity  1— e'^ 
The  S3rmmetrical  distribution  of  variations  from  the  mean  which  has 
been  shown,  especially  by  Mr.  Galton,  to  occur  in  dimensions  of 
weight,  length,  muscular  strength,  and  other  characters  of  vanATi& 
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shaded  area  of  the  figure.  The  population  after  such  destraction  is 
k^»/w  in  number,  and  the  shaded  area  represents  a  number  of  in- 
dividuals equal  to  ht'/^ij^i  -^  <^)9  bo  that  the  ratio  of  animals  selec- 
tively destroyed  to  animals  which  survive  all  unselective  destruction 

is  ^}—L£1^  a  quantity  which  can  be  experimentally  determined. 

Ci 

From  the  data  given  in  Table  III,  this  ratio,  for  frontal  breadths 


So  that  if  ^  is  the  selective  death-rate  among  animals  of  abnor- 
mality fl?,  then  that  death-rate  increases  as  x  increases  according  to 
the  equation 

where  h  is  the  numerical  value  of  Ci^c^lc?c%f  Ci  and  Cg  being  the 
values  of  the  modulus  at  the  time  of  its  maximum  value  and  at 
maturity  respectively. 

For  the  frontal  breadth  of  Plymouth  crabs,  the  value  of  A  is  about 
0'015  ;  BO  that  of  the  whole  number  of  animals  which  attain  the  size 
12-5  mm.,  having  an  abnormality  x  of  their  frontal  breadth,  the 
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fraction  destroyed  as  a  conseqnenoe  of  this  abnormality  before  reach- 
ing maturity  is 

It  will,  of  course,  be  understood  that  little  trust  can  be  placed  in 
the  absolute  numerical  results  which  are  here  put  forward ;  the  point 
which  seems  worthy  of  confidence,  and  which  if  it  be  indeed  a  reality 
is  of  very  great  importance,  is  the  form  of  the  result.  For  by  purely 
statistical  methods,  without  making  any  assumption  as  to  the 
functioual  importance  of  the  frontal  breadth,  the  time  of  life  at 
which  natural  selection  must  be  assumed  to  act,  if  it  acts  at  all,  has 
been  determined,  and  the  selective  death-rate  has  been  exhibited  as  a 
function  of  the  abnormality,  while  a  numerical  estimate  which  is  at 
least  of  the  same  order  as  the  amount  of  the  selective  destruction  has 
been  obtained. 

The  method  by  which  the  result  described  has  been  arrived  at  ia 
likely  to  be  capable  of  application  to  a  very  considerable  number  of 
oases.  Mathematically  considered,  the  conditions  which  were  at 
first  assumed  and  then  proved  to  obtain  in  the  organ  discussed  are  by 
no  means  general.  It  is  necessary  for  the  employment  of  this 
method  that  the  variations  should  be  distributed  on  each  side  of  the 
mean  with  sensible  symmetry,  and  that  the  position  of  minimum 
selective  destruction  should  be  sensibly  coincident  with  the  mean  of 
the  whole  system.  Such  statistical  information  as  is  at  present 
available  leads  to  the  belief  that  these  conditions  may  be  expected  to 
hold  for  a  large  number  of  species,  which  are  sensibly  in  equilibrium 
with  their  present  surroundings,  so  that  their  mean  character  is 
sensibly  the  best,  and  the  change  of  mean  from  generation  to  genera- 
tion is  at  least  very  small.  They  cannot  be  expected  to  hold  in  cases 
of  rapid  change  such  as  those  induced  artificially  by  selection  under 
domestication,  or  naturally  by  rapid  migration  or  other  phenomena 
resulting  in  a  rapid  change  of  environment. 

For  the  investigation  of  such  rapid  change,  it  would  be  necessary 
to  treat  the  more  general  case,  in  which  the  chances  of  deviations  of 
opposite  sign  are  not  sensibly  symmetrical,  and  in  which  the  mean  is 
not  necessarily  the  position  of  minimum  destruction.  The  treatment 
of  this  case  requires  the  help  of  a  professional  mathematician. 

It  will  be  well  to  mention  here  a  curious  indirect  confirmation  of 
the  result  just  described,  based  on  evidence  derived  from  a  quite 
different  source. 

An  attempt  has  been  made  to  show  that  physiological  accidents  of 
a  kind  leading  to  change  in  the  length  of  a  portion  of  the  carapace 
affect  a  crab  at  a  rate  measured  by  the  value  of  the  quantity  1— e""***. 
The  symmetrical  distribution  of  variations  from  the  mean  which  has 
been  shown,  especially  by  Mr.  Galton,  to  occur  in  dimensions  of 
weight,  length,  muscular  strength,  and  other  characters  of  various 
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organs  in  men,  moths,  sweet  peas,  and  other  things  at  varions  periods 
of  life,  made  it  seem  probable  that  if  selective  destruction  could 
be  shown  to  occur  in  these  cases,  the  expression  for  intensity  of 
destruction,  in  terms  of  the  deviation,  would  in  all  these  cases  be  of 
the  same  form  as  that  already  arrived  at.  That  is  to  saj,  the 
expression  for  the  effect  of  physiological  accidents  of  a  number  of 
different  kinds,  affecting  a  number  of  organisms  in  no  way  specially 
alike,  is  probably  always  of  the  same  form.  The  question  at  once 
occurred,  whether  this  expression  might  not  be  of  general  applica- 
tion, as  a  measure  of  the  effect  pf  physiological  accidents  upon  the 
animal  body. 

The  most  convenient  case  in  which  to  look  for  an  answer  to  this 
question  is  the  case  of  muscular  tissue,  in  which  the  effect  of  aoci- 
dent'S  of  stimulus  can  be  readily  measured.  The  recent  paper  of 
Gyboulski  and  Zanietowski  (Pfliiger's  '  Archiv  f.  Physiologie,' 
Bd.  56,  p.  45)  gives  an  excellent  series  of  data  for  determining  the 
relation  between  energy  of  stimulus  applied  to  a  nerve,  and  effect 
upon  the  muscle,  as  measured  by  energy  of  external  work  performed 
in  contraction.  These  observers  give  a  large  series  of  tables,  in 
which  the  energy  of  stimulus,  applied  by  discharging  a  condenser 
of  known  electrical  capacity  through  a  nerve,  is  given  in  cmo 
column,  and  in  another  is  the  work  done  by  the  muscle  stimulated, 
measured  by  the  height  through  which  a  known  mass  is  lifted. 

As  is  well  known,  the  application  of  stimuli  of  less  than  a  certain 
magnitude  produces  no  muscular  contraction ;  but  if  the  mazimam 
stimulus  which  can  be  applied  without  causing  a  contraction  be 
reckoned  as  zero,  the  subsequent  relation  between  stimulus  and  con- 
traction does,  in  fact,  agree  very  closely  with  that  indicated  by  suc- 
cessive values  of  the  quantiiy  1— e""**'. 

In  spite  of  the  evident  care  and  skill  with  which  Cyboulaki  and 
Zanietowski  have  performed  their  experiments,  their  curves  are 
slightly  irregular.  In  order  to  minimise  the  effect  of ^  these  slight 
irregularities,  three  of  their  results  were  treated  in  the  following 
way : — In  each  system  of  observations  the  maximum  subliminal 
stimulus  was  subtracted  from  the  magnitude  of  the  applied  stimulus 
in  each  case;  the  three  numbers  representing  the  height  of  the 
muscle  contraction  for  unit  stimulus  beyond  this  point  in  the  three 
cases  were  added  together;  and  so  on  throughout.  The  result  is 
plotted  in  fig.  5,  the  height  of  the  sum  of  three  contractions  being 
indicated  by  the  ordinates  of  the  points  Q  ;  the  intensity  of  the  cor- 
responding stimulus,  mintis  the  subliminal  stimulus,  being  measured 
along  the  abscissa. 

The  dotted  curve  is  given  by 

^  =  1— e-^/(8-i«>*. 
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Table  V. — Frequency  of  all  observed  Deviations  from  the  Mean 
Length  of  the  Right  Dentaiy  Margin  in  8020  Female  Grabs, 
Yonng  and  Adult,  from  Plymouth,  Deviations  in  terms  of 
the  Modulus. 


Limits  of  deyiatioiM. 

Mean  deviation. 

Observed 
frequency. 

GDheoretical 

frequency. 

^ 

+  5-630 

1 

^ 

Oyer  +3*20 

+  3-760 

1 

+  3-340 

1 

From  +3-00to3'19 

+  3-120 

1 

2-76 

„     +2-80  ,,2  99 

+  2-945 

2 

„     +2-60  „  2-79 

+  2-677 

3 

„     +2-40  ,,2-59 

+  2-498 

3 

^ 

„     +2-20  „  2*39 

+  2-253 

12 

4-71 

„     +2-00,,  2-19 

+  2-050 

9 

11-29 

„     +1-80  ,,1-99 

+  1-888 

16 

24-99 

„     +1-60  „  1-79 

+  1-705 

45 

61-14 

„     4-l-40„l-59 

+  1-492 

132 

96-49 

„     +1-20  „  1-39 

+  1-276 

155 

168-30 

„     +1-00  „  1-19 

+  1-108 

238 

271-13 

„     +0-80  „  0-99 

+  0-897 

375 

403-41 

„     +0-60  „  0*79 

+0-700 

587 

554-36 

„     +0-40,,  0-59 

+  0-498 

735 

703  -61 

„     +0-20  ,,0-39 

+0-805 

775 

824-82 

„     +0-00  „  0-19 

+0-112 

939 

893-04 

„     -0  00  „  0-19 

-0-088 

871 

893-04 

„     -0-20  „  0-39 

-0-270 

833 

824 '82 

„     -0-40  „  0-59 

-0-495 

698 

708-61 

„     -0-60  „  0-79 

-0-789 

663 

654-36 

„     -0-80  „  0-99 

-0-896 

446 

403-41 

„     -l-OO  „  1-19 

-1-093 

240 

271  13 

„     -1-20  „  1-39 

-1-279 

162 

168-30 

„     -1-40  „  1-59 

-1-479 

89 

96-49 

„     -1-60  „  1-79 

-1-691 

45 

61-14 

„     -1-80  „  1-99 

-1-932 

18 

24-99 

„     -2  00  „  2-19 

-2  108 

15 

11-29 

„     -2-20  „  2-39 

-2-295 

6 

4-71 

„     -2-90  „  2-59 

-2-487 

3 

•«\ 

„     -2-60  „  2-79 

-2-710 

2 

„     -2-80  „  2-99 

-2-908 

3 

^ 

-3-330 
-4-180 

2 

1 

2-76 

Over  3 -CO          ..          -j 

-4-830 

1 

-5-960 

1 

k. 

-7-030 

1 

J 

The  symmetry  of  these  results  is  fairly  good,  the  number  of  posi- 
tively abnormal  individuals  being  4030,  the  number  of  negatively 
abnormal  3990.  The  sum  of  the  squares  of  the  negative  deviations 
is  2145'5 ;  the  sum  of  the  squares  of  the  positive  deviations  being 
2099'9 — a  difference  of  about  2  per  cent.  This  difference  is  greater 
than  in  the  case  of  the  frontal  breadths  ;  but  a  reference  to  the  table 
will  show  that  the  removal  of  a  single  individual,  namely^  the  iridv- 
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^H 

^^1 

Hn 

I^H 

1 

1 

Fta.  6— DeviotioiiB  of  8030  meuurei  of  Bight  Deotuj  Mugm  in  Female  C'mba, 
uld  ajid  ;oun)(,  from  Flymoutli  Sonnd,  eipreewd  in  tarma  of  tha  Hodulua. 
Eleven  indiTiduali  of  deriBtion  greater  tbuk  thraa  timea  the  Modului  arr- 

omitted. 

vidual  of  deviation  eqa^  to  —7  times  the  modulaa,  would  make  the 
Biim  of  the  positive  and  negative  sqnare§  almost  eKactly  equal. 

The  meau  error  of  the  whole  system  is  0*5688  instead  of  0'5642,  or 
nctnrly  1  per  cent,  too  great.  The  error  of  mean  squares  is  0'7~27<> 
iosti^d  of  UrO??.  or  2'8  per  cent,  too  great. 

From  these  valnos  of  tha  mean  error  and  error  of  mean  sqniiri.', 
as  well  as  fi-om  the  presence  of  a  deviation  so  great  aa  seven  times  tlu- 
modnlns,  it  is  evident  that  some  canse  has  been  at  work,  producing 
large  abnormalities  with  a  frequency  greater  than  that  indicated  by 
the  theory  of  chance.  Reference  to  the  table  shows  that  deviationx 
of  more  that  25  times  the  modnlos  do  in  fact  occur  twenty  times, 
instead  of  five  or  six  times,  as  they  should  do  So  that  deviations  of 
this  m^nitnde  occur  about  three  and  a  half  times  too  often. 

The  sporadic  occurrence  of  considerable  deviations,  which  do  not 
obey  the  genei-al  law  of  frequency  of  variation,  is  a  phenomenon 
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which  has  been  snppoBed  by  many  n&tataliBta  to  be  of  great  im- 
portance in  evolation,  and  the  present  case  ia  therefore  worthy  of 
discaaaion. 

The  following  aofcgestioa  is  offered  aa  an  explanation  of  the  large 
negative  deviations.  Aa  shown  In  Fig.  1,  there  are  normally  fire  teeth 
in  the  dentary  mai^n ;  bat  occasionally  (in  over  1  per  cent,  of 
individuals)  only  four  teeth  occur.  The  reduction  in  teeth  may 
appareotly  be  effected  in  various  ways :  sometiinea  it  ia  impossible  to 
say  tibat  one  tooth  rather  than  another  is  missing ;  and  the  case  then 
resembles  those  cases  of  variation  in  the  segmentation  of  a  vertebral 
column,  for  example,  recently  discussed  by  Bateson  ("  Ikfaterials  for 
the  Study  of  Variation,"  paaiim,  especially,  however,  p.  124).  In 
other  cases,  the  rednction  appears  to  be  effected  by  a  process  re- 
sembling the  filling  up  of  the  interval  between  two  teeth,  so  th&t  the 
points  of  the  teeth  project  only  very  slightly.  A  careful  outline  of  a 
specimen  exhibiting  this  condition  is  given  in  fig.  7.   It  is  evident  that 


in  tills  case  the  little  tubercle  S  which  indicates  the  position  of  the 
fifth  tooth  is  the  point  from  which  the  raeasarement  should  be  taken; 
but  if  the  oblitemlion  of  the  fifth  tooth  had  progressed  but  a  littlo 
fuither,  no  indication  of  its  presence  would  remain  ;    and  the  dentary 
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margin,  measured  from  the  tip  of  the  first  to  the  tip  of  the  last  visible 
tooth,  wonld  really  have  been  measured  from  a  to  h.  Such  a  measure 
would  not  be  homologous  with  the  rest,  and  ought  not  to  be  incloded 
in  the  scheme.  But,  since  reduction  in  the  number  of  teeth  maj  take 
place  in  other  ways,  and  since  it  is  impossible  in  a  given  case  .to 
distinguish  the  manner  in  which  it  has  occurred,  the  measurements 
were  necessarily  recorded. 

Another  frequent  cause  of  disturbance  is  the  breakage  of  the  last 
tooth,  followed  by  its  regeneration.  All  cases  of  obviously  recent 
injury  were  of  course  excluded ;  and  for  this  reason  the  total  number 
of  individuals  discussed  is  reduced  from  8069  to  8020.  But  the 
selection  of  material  was  felt  to  be  so  dangerous  a  proceeding  that 
all  cases  in  which  there  was  any  doubt  as  to  the  occurrence  of  an 
injury  were  included.  The  wrongful  inclusion  of  a  dozen  such  cases 
would  account  for  the  excess  of  positive  abnormalities:  for  it  is 
evident  that  a  breakage  of  the  tip  of  the  last  tooth  would  increase 
the  distance  AB  in  ^g.  1. 

While,  therefore,  the  observations  admit  of  the  interpretation  that 
about  once  in  500  cases  a  "  sport "  of  magnitude  greater  than  that 
provided  for  by  the  theory  of  chance  does  r^ularly  occur,  the  con- 
siderations which  have  been  submitted  make  this  interpretation  at 
least  doubtful. 

The  value  of  the  probable  error,  as  an  indication  of  percentage 
abnormality,  is  diminished  by  the  existence  of  the  large  deviations 
discussed ;  but  the  values  obtained  are  of  considerable  interest :  they 
are  as  follows : — 


-Mean  Value  of  Quartile  Deviation  (Q)  of  Kif 
Margin  for  various  Lengths  of  Carapace  (C). 


0. 

MeanQ. 

7-6 

8-44 

8-5 

8-08 

9-6 

9-86 

10-6 

8-23 

11-6 

8  16 

12-5 

8  05 

18-6 

8-68 

(Adult) 

(9  -28) 

It  will  be  seen  from  this  table  that  the  error  of  distribution  at  the 
ages  measured  is  always  less  than  in  adult  life,  except  among  crabs, 
whose  carapace  length  is  between  9  and  10  mm.  Of  the  fourteen 
superfloous  deviations  of  great  magnitude,  three  occur  in  this  group, 
and  the  result  is  a  quite  untrustworthy  determination. 
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Evidently,  therefoi*e,  in  spite  of  the  abnormally  great  frequency 
with  which  large  deviations  occur,  the  whole  percentage  of  abnor- 
malities, among  crabs  between  7  and  14  mm.  in  length,  is  less  than 
it  is  in  adult  crabs ;  and  there  is  a  rough  agreement  between  the 
result  obt'ained  from  these  measurements  and  that  obtained  by 
Bowditch  from  the  measurements  of  human  stature  already  referred 
to.  ■  So  that  among  female  crabs  in  Plymouth  Sound,  during  the 
period  of  life  to  which  these  observations  refer,  there  is  no  indication 
of  any  destructive  agency  which  acts  selectively  upon  the  dentary 
margin.  Whether  such  selective  destruction  occurs  among  males,  or 
among  females  at  a  later  period  of  life,  is  for  the  present  an  open 
question. 

Variation  in  frontal  breadth  may,  therefore,  for  the  present  bo 
considered  to  be  of  more  importance  in  the  economy  of  female  crabs 
than  variation  in  the  length  of  the  dentary  margin — a  view  which 
receives  confirmation  from  the  dimorphism  already  shown  to  exist 
(*  Roy.  Soc.  Proc.,'  vol.  64,  p.  324)  in  the  frontal  breadth  of  crabs 
from  Naples,  while  it  is  a  striking  justification  of  the  accepted 
system  of  classification,  in  which  the  characters  of  the  great  groups 
into  which  the  Brachyura  are  divided  are  almost  entirely  those 
associated  with  changes  in  this  dimension. 

In  conclusion,  an  important  feature  of  the  method  employed  may 
be  pointed  out.  The  increase  of  death-rate,  associated  with  a  given 
abnormality  of  frontal  breadth,  has  here  been  roughly  determined  ;  in 
the  previous  paper,  already  referred  to,  the  effect  of  abnormality  in 
this  dimension  upon  several  other  organs  of  the  body  was  deter- 
mined ;  and  by  the  method  of  that  paper  it  would  be  possible  to 
determine  the  effect  of  parental  abnormality  upon  the  offspring. 
These  are  all  the  datA  which  are  necessary,  in  order  to  determine  the 
direction  and  rate  of  evolution ;  and  they  may  be  obtained  without 
introducing  any  theory  of  the  physiological  function  of  the  organs 
investigated.  The  advantage  of  eliminating  from  the  problem  of 
evolution  ideas  which  must  often,  from  the  nature  of  the  case,  rest 
chiefly  upon  guess-work,  need  hardly  be  insisted  upon. 


II.  "  Remarks  on  Variation  in  Animals  and  Plants.     To  accom-  , 
pany  the  first  Report  of  the  Committee  for  conducting 
Statistical  Inquiries  into  the  Measurable  Qiaracteristics  of 
Plants  and  Animals."    By  Professor  W.  F*  R.  Weldon, 
F.R.S.     Received  February  19,  1895. 

1.  The  importance  of  variation  as  a  factor  in  organic  evolution  is 
not  seriously  disputed ;  but,  if  one  may  judge  from  the  expressions 
contained    in    recent  essays,  naturalists  are  ivot  ^k^^'^'^  "»&  Ha  *0w^ 

VOL.  LVII,  '^  ^ 
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shaded  area  of  the  fig^ure.  The  population  after  such  destmctiou  is 
k^%  v/r  in  nnmber,  and  the  shaded  area  represents  a  number  of  in- 
dividuals equal  to  A^\/ir(ci  —  Cs),  so  that  the  ratio  of  animals  selec- 
tively destroyed  to  animals  which  suririye  all  unselective  destruction 

is   ^  "^     y  a  quantity  which  can  be  experimentally  determined. 

From  the  data  given  in  Table  III,  this  ratio,  for  frontal  breadths 
ini7n       ^^^  - 


Ho  tliat  if  ^  is  the  selective  death-rate  among  animals  of  abnor- 
mality x^  then  that  death-rate  increases  as  x  increases  according  to 
the  equation 

g  =  l-«-*^, 

where  h  is  the  numerical  value  of  ei-^c^fc^c^^  Oi  and  e%  being  the 
values  of  the  modulas  at  the  time  of  its  maximum  value  and  at 
maturity  respectively. 

For  the  frontal  breadth  of  Plymouth  crabs,  the  value  of  A  is  about 
0*015  ;  so  that  of  the  whole  number  of  animals  which  attain  the  size 
12*5  mm.|  having  an  abnormality  x  of  their  frontal  breadth,  the 
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fraction  destroyed  as  a  consequence  of  this  abnormality  before  reach- 
ing maturity  is 

l«.e-OH)ifa«. 

It  mil,  of  coarse,  be  understood  that  little  trust  can  be  placed  in 
the  absolute  numerical  results  which  are  here  put  forward ;  the  point 
which  seems  worthy  of  confidence,  and  which  if  it  be  indeed  a  reality 
is  of  very  great  importance,  is  the  form  of  the  result.  For  by  purely 
statistical  methods,  without  making  any  assumption  as  to  the 
functional  importance  of  the  frontal  breadth,  the  time  of  life  at 
which  natural  selection  must  be  assumed  to  act,  if  it  acts  at  all,  has 
been  determined,  and  the  selective  death-rate  has  been  exhibited  as  a 
function  of  the  abnormality,  while  a  numerical  estimate  which  is  at 
least  of  the  same  order  as  the  amount  of  the  selective  destruction  has 
been  obtained. 

The  method  by  which  the  result  described  has  been  arrived  at  ia 
likely  to  be  capable  of  application  to  a  very  considerable  number  of 
cases.  Mathematically  considered,  the  conditions  which  were  at 
first  assumed  and  then  proved  to  obtain  in  the  organ  discussed  are  by 
no  means  general.  It  is  necessary  for  the  employment  of  this 
method  that  the  variations  should  be  distributed  on  each  side  of  the 
mean  with  sensible  symmetry,  and  that  the  position  of  minimum 
selective  destruction  should  be  sensibly  coincident  with  the  mean  of 
the  whole  system.  Such  statistical  information  as  is  at  present 
available  leads  to  the  belief  that  these  conditions  may  be  expected  to 
hold  for  a  large  number  of  species,  which  are  sensibly  in  equilibrium 
with  their  present  surroundings,  so  that  their  mean  character  is 
sensibly  the  best,  and  the  change  of  mean  from  generation  to  genera- 
tion is  at  least  very  small.  They  cannot  be  expected  to  hold  in  cases 
of  rapid  change  such  as  those  induced  artificially  by  selection  under 
domestication,  or  naturally  by  rapid  migration  or  other  phenomena 
resulting  in  a  rapid  change  of  environment* 

For  the  investigation  of  such  rapid  change,  it  would  be  necessary 
to  treat  the  more  general  case,  in  which  the  chances  of  deviations  of 
opposite  sign  are  not  sensibly  synmietrical,  and  in  which  the  mean  is 
not  necessarily  the  position  of  minimum  destruction.  The  treatment 
of  this  case  requires  the  help  of  a  professional  mathematician. 

It  will  be  well  to  mention  here  a  curious  indirect  confirmation  of 
the  result  just  described,  based  on  evidence  derived  from  a  quite 
different  source. 

An  attempt  has  been  made  to  show  that  physiological  accidents  of 
a  kind  leading  to  change  in  the  length  of  a  portion  of  the  carapace 
affect  a  crab  at  a  rate  measured  by  the  value  of  the  quantity  1— e"***. 
The  symmetrical  distribution  of  variations  from  the  mean  which  has 
been  shown,  especially  by  Mr.  Galton,  to  occur  in  dimensions  of 
weight,  length,  muscular  strength,  and  other  characters  of  yosYorQ^ 
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organs  in  men,  moths,  sweet  peas,  and  other  things  at  varions  periods 
of  life,  made  it  seem  probable  that  if  selective  destmction  could 
be  shown  to  occnr  in  these  cases,  the  expression  for  intensity  of 
destruction,  in  terms  of  the  deviation,  would  in  all  these  cases  be  of 
the  same  form  as  that  already  arrived  at.  That  is  to  saj,  the 
expression  for  the  efPect  of  physiological  accidents  of  a  number  of 
different  kinds,  affecting  a  number  of  organisms  in  no  way  specially 
alike,  is  probably  always  of  the  same  form.  The  question  at  once 
occurred,  whether  this  expression  might  not  be  of  general  applica- 
tion, as  a  measure  of  the  effect  pf  physiological  accidents  upon  the 
animal  body. 

The  most  convenient  case  in  which  to  look  for  an  answer  to  this 
question  is  the  case  of  muscular  tissue,  in  which  the  effect  of  acci- 
dent's of  stimulus  can  be  readily  measured.  The  recent  paper  of 
Cyboulski  and  Zanietowski  (Pfliiger's  '  Arohiv  f.  Physidlogie,' 
6d.  56,  p.  45)  gives  an  excellent  series  of  data  for  determining  the 
relation  between  energy  of  stimulus  applied  to  a  nerve,  and  effect 
upon  the  muscle,  as  measured  by  energy  of  external  work  performed 
in  contraction.  These  observers  give  a  large  series  of  tables,  in 
which  the  energy  of  stimulus,  applied  by  discharging  a  condenser 
of  known  electrical  capacity  through  a  nerve,  is  given  in  one 
column,  and  in  another  is  the  work  done  by  the  muscle  stimulated, 
measured  by  the  height  through  which  a  known  mass  is  lifted. 

As  is  well  known,  the  application  of  stimuli  of  less  than  a  certftin 
magnitude  produces  no  muscular  contraction ;  but  if  the  maximum 
stimulus  which  can  be  applied  without  causing  a  contraction  be 
reckoned  as  zero,  the  subsequent  relation  between  stimulus  and  con- 
traction does,  in  fact,  agree  very  closely  with  that  indicated  by  snc- 
cessive  values  of  the  quantity  1— e"**'. 

In  spite  of  the  evident  care  and  skill  with  which  Cyboulski  and 
Zanietowski  have  performed  their  experiments,  their  curves  are 
slightly  irregular.  In  order  to  minimise  the  effect  of ^  these  slight 
irregularities,  three  of  their  results  were  treated  in  the  following 
way: — In  each  system  of  observations  the  maximum  subliminal 
stimulus  was  subtracted  from  the  magnitude  of  the  applied  stimulus 
in  each  case;  the  three  numbers  representing  the  height  of  the 
muscle  contraction  for  unit  stimulus  beyond  this  point  in  the  three 
cases  were  added  together;  and  so  on  throughout.  The  result  is 
plotted  in  ^g,  5,  the  height  of  the  sum  of  three  contractions  being 
indicated  by  the  ordinates  of  the  points  Q  ;  the  intensity  of  the  cor- 
responding stimulus,  minus  the  subliminal  stimulus,  being  measured 
along  the  abscissa. 

The  dotted  curve  is  given  by 
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was  fonnd  that  if  the  ova  were  placed  in  water  at  abont  8"  or  25°  C. 
for  an  hour,  or  even  for  a  minnte,  at  the  time  of  impregnation,  the 
resulting  larrsB  after  eight  days  development  were,  on  an  average, 
4*6  per  cent,  smaller  than  those  impregnated  at  from  17**  to  22**, 
though  all  the  subsequent  conditions  of  development  were  identical. 
If  kept  at  the  abnormal  temperature  for  only  ten  seconds  during 
impregnation,  the  resulting  larvsB  were  only  1*7  per  cent,  smaller, 
probably  because  the  time  was  too  short  for  all  the  ova  to  become 
impregnated  under  the  abnormal  conditions.  Differences  of  tempera- 
ture daring  the  course  of  development  have  in  comparison  a  much 
slighter  influence.  Thus  larvsB  allo^ved  to  develop  in  water  at  17" 
to  22°  are  only  about  2  per  cent,  larger  than  those  allowed  to  develop 
at  Ih'T  to  17^  or  at  22**  to  23•7^ 

The  time  of  the  year  when  the  artificial  fertilisations  are  prepared 
has  a  very  marked  influence  on  the  size  of  the  larvaa.  Thus,  those 
obtained  in  the  middle  of  August  are  about  20  per  cent,  smaller  than 
those  obtained  in  April,  May,  and  October,  whilst  those  obtained  in 
June  and  July  are  intermediate  in  size.  This  is  probably  due  to 
the  comparative  immaturity  of  the  ova  and  spermatozoa  in  the  off- 
breeding  season. 

The  salinity  of  the  water  has  a  great  influence  on  the  development. 
LarvflB  allowed  to  develop  in  water  containing  50  c.c.  of  distilled 
water  per  litre  are  15*6  per  cent,  larger  than  those  grown  under 
normal  conditions,  and  those  in  water  containing  25  c.c.  per  litre 
9'5  per  cent,  larger.  On  the  other  hand,  in  water  containing  150  c.c. 
of  distilled  water  per  litre  they  are  4'3  per  cent,  smaller.  In  water 
more  concentrated  than  the  normal  they  remain  practically  un- 
changed, but  larvfe  grown  under  normal  conditions  from  ova 
impregnated  in  concentrated  water  are  1*6  per  cent,  larger. 

It  was  thought  to  be  of  interest  to  determine  the  effects  which  the 
various  colours  of  the  spectrum  have  upon  development,  though  these 
are  not  conditions  of  environment  which  occur  in  nature.  Larvee 
allowed  to  develop  in  the  blue  light  of  copper  sulphate  solution  are 
4'5  per  cent,  smaller  than  the  normal,  and  those  in  the  violet-blue 
light  of  Lyons  blue  solution  7*4  per  cent,  smaller.  Those  grown  in 
the  green  light  of  nickel  nitrate  solution  are  4*8  per  cent,  smaller, 
and  those  in  red  and  yellow  lights  respectively  6*9  per  cent,  and 
8*9  per  cent,  smaller.  The  development  of  the  larvee  seems  to  be  but 
little  affected  if  it  is  carried  out  in  absolute  darkness,  the  size  only 
being  diminished  by  1*3  per  cent.  Larvas  grown  in  semi-darkness 
are  apparently  2*5  per  cent,  larger  than  the  normal. 

The  body-length  of  the  larvaa  appears  to  be  uninfluenced  by  the 
number  of  larvaa  developing  together  in  a  given  volume  of  water,  if 
it  be  kept  below  30,000  per  litre.  The  arm-lengths  are,  on  the  other 
hand,  considerably  affected.      The  aboral  and   oral    arm-lengths  of 
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larvfiB  grown  in  water  containing  4,000  per  litre  are  respectively  13*4 
and  15*9  per  cent,  sliorter  than  of  those  in  water  containing  500  per 
litre  ;  in  water  containing  17,500  per  litre  thej  are  25*9  and  23*3  per 
cent,  shorter,  and  in  water  containing  over  30,000  per  litre  53*0  and 
43'2  per  cent,  shorter. 

Certain  prodncts  of  metabolism  exert  a  favourable  influence  on  the 
developments  of  the  larvsB,  and  not,  as  would  be  naturally  expected, 
a  harmful  one.  Thus  larvaa  allowed  to  develop  in  water  containing 
1  in  70,400  of  uric  acid  are  12*2  per  cent,  larger  than  those  grown  in 
ordinary  water.  It  is  only  when  the  proportion  of  uric  acid  is  in- 
creased to  1  in  28,000  that  an  unfavourable  influence  is  exerted,  the 
larv89  being  in  this  case  2*1  per  cent,  smaller  than  the  normal.  In 
water  containing  about  1  in  60,000  of  urea  the  larvsB  are  about  3  per 
cent,  larger.  Again,  the  amount  of  carbonic  acid  gas  dissolved  in  the 
water  may  be  increased  by  some  18  per  cent.,  so  that  it  is  only  just 
insufficient  to  kill  off  the  larvffi  entirely,  and  yet  no  diminution  in  the 
growth  is  observed.  On  the  other  hand,  some  of  the  products  of 
metabolism  may  produce  a  considerable  decrease  in  the  size  of  the 
larvfiB,  for  larv89  grown  in  water  in  which  other  larv89  had  previously 
developed  were  7*6  per  cent,  smaller  than  the  normal. 

Thus  far  the  effects  of  environment  on  the  body-length  only  of  the 
larv89  have  been  mentioned.  As  the  arm-lengths  were  also  measured, 
the  effects  upon  them  can  also  be  determined.  As  a  rule,  the  tissues 
of  the  arms  seemed  to  be  much  more  sensitive  to  environmental  con- 
ditions than  the  tissues  of  the  body,  and  considerable  changes  were 
frequently  found  to  occur  in  them  without  any  obvious  cause.  The 
conclusions  to  be  drawn  from  these  measurements  are  therefore  not 
so  unequivocal  as  from  those  of  the  body-length.  The  most  impor- 
tant point  established  is  that  one  and  the  same  change  of  environ- 
mental condition  may  frequently  produce  opposite  effects  on  the  arm 
and  body-lengths.  Thus  the  body*lengths  of  larvas  allowed  to 
develop  at  temperatures  above  22**  are  about  2  per  cent,  smaller  than 
of  those  at  about  20°,  but  the  aboral  and  oral  arms  are  respectively 
10*8  per  cent,  and  8*5  per  cent,  longer.  Again,  the  body-length  of 
larv8B  developed  in  diluted  water  is  on  an  average  increased  by 
9*1  per  cent.,  but  the  arm-lengths  are  decreased  by  7*7  per  cent,  and 
10*5  per  cent.,  or,  as  the  arm- lengths  are  percentages  on  the  body- 
lengths,  they  are  practically  not  affected  at  all.  Also  the  arm- 
lengths  are  not  affected  to  the  same  extent  by  the  same  change  of 
environmental  condition.  Thus  the  ratio  between  the  arm-lengths 
is  4*3  per  cent,  higher  at  temperatures  above  22°  than  at  those 
below  18°. 

As  the  number  of  measurements  made  was  so  large,  it  was  thought 
to  be  of  interest  to  subject  them  to  statistical  examination.  It  was 
found  that  with  the  body-length  and  oral  arm-length  measurements 
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the  deviations  from  the  average  occurred  with  a  frequency  indicate 
by  the  theoretical  law  of  error.  The  measurements  of  the  abon 
arm-length  did  not  agree  so  well,  possibly  owing  to  dimorphisn 
The  relative  probable  error  of  the  smaller  larvse  was  greater  tha 
that  of  the  larger  ones,  in  the  proportion  of  63  to  57.  As  most  < 
the  smaller  larvse  were  obtained  in  the  summer  months,  with  pre 
Rumably  not  quite  mature  ova,  it  is  probable  that  the  variability  i 
the  size,  as  well  as  the  actaal  size  of  the  larvaa,  is  affected  by  th 
time  of  the  year  in  which  the  fertilisations  are  made.  The  varis 
bility  is  also  affected  by  the  temperature  of  development,  it  reachin 
a  maximum  at  18^  to  20*^.  The  variability  of  the  organs  of  echinc 
derm  larv83  is  much  greater  than  in  the  case  of  higher  animalt 
Thus  the  probable  error  of  the  body-length  is  6'1  per  cent.,  of  th 
aboral  arm-length  11'3  per  cent.,  and  of  the  oral  arm-length  9*4  pe 
cent. 


Presents,  February  28,  1895. 
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sellschaft.  Abhandlungen.  Bd.  XVIII.  Heft  4.  8vo.  Frank 
furt  a.  M.  1895.  The  Society 

Leipsic : — Astronomische  Gesellschaft.   Vierteljahrsschrif t.   Jahrg 
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Obfieryations  and  Reports  (continued). 
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Marc^  7,  1895. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 

Treasurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pursuance  of  the  Statutes,  the  names  of  the   Candidates  for 
election  into  the  Society  were  read,  as  follows : — 


Allen,  Alfred  Henry,  P.C.S. 
Barrett,  Professor  W.  P. 
Barry,  J.  Wolfe,  M.Inst.C.E. 
Bateman,  Sir  Frederic,  M.D. 
Bell,  Robert. 
Binnie,    Alexander    Richardson, 

M.Inst.C.E. 
Blake,  Rev.  John  Frederick,  M.A. 
Bourne,  Professor  Alfred  Gibbs, 

D.Sc. 
Bovey,  Henry  Taylor,  M.A. 
Bryan,  George  Hartley,  M.A. 
Burdett,  Henry  Charles. 
Callaway,  Charles,  D.Sc. 
Cardew,  Philip,  Major,  R.E. 
Clowes,  Professor  Frank,  D.Sc. 
Collie,  J.  Norman,  Ph.D. 
CorBeld,  William  Henry,  M.D. 
Downing,  Arthur  Matthew  Weld, 

M.A. 
Eigar,  Francis,  LL.D. 
Eliot,  John,  M.A. 
Elwes,  Henry  John,  F.L.S. 


Etheridge,  Robert,  F.G.S. 

Gray,  Andrew,  M.A. 

Green,  Professor  Joseph  Reynolds, 

D.Sc. 
Griffiths,  Ernest  Howard,  M.A, 
Hamilton,  Professor  David  James, 

M.D. 
Harcourt,    Leveson    F.   Vernon, 

M.Inst.C.E. 
Haswell,   Professor  William   A., 

D.Sc. 
Head,  Henry,  M.D. 
Heycock,  Charles  Thomas,  M.A. 
Hickson,  Sydney  John,  M.A. 
Hill,  George  Henry,  M.Inst.C.E. 
Hinde,  George  Jennings,  Ph.D. 
Holden,  Henry  C.  L.,  Major,  R.A. 
Howes,  Professor  George  Bond, 

F.L.S. 
Kipping,  F.  Stanley,  D.Sc. 
Lansdell,  Rev.  Henry,  D.D. 
Lockwood,     Charles    Barrett, 

F.R.C.S* 
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McClean,  Frank,  M.A. 
McConnell,  James  Frederick  Parry, 

Surgeon-Major,  F.R.C.P. 
Macewen,  Professor  William,  M.D. 
McMahon,    Charles    Alexander, 

Lieat.-Gen. 
Mansergh,  James,  M.Inst. C.E. 
Martin,  John  Biddulph,  M.A. 
Martin,  Sidney,  M.D. 
Matthey,  Edward,  F.C.S. 
Miers,  Henry  Alexander,  M.A. 
Minchin,  Prof  essor  George  M.,M.A. 
Mott,  Frederick  Walker,  M.D. 
Murray,  George  Robert  Milne. 
Notter,    James    Lane,     Sui'geon- 

Lient.-Col. 
Oliver,  John  Ryder,  Major-Gen., 

R.A. 
Pearson,  Professor  Karl,  M.A. 
Power,  William  Henry. 
Preston,  Professor  Thomas,  M.A. 
Purdie,  Thomas,  B.Sc. 
Reade,  Thomas  Mellard,  F.G.S. 
Roberts,  Ralph  A.,  M.A. 
Ratley,  Frank,  F.G.S. 
Salomons,  Sir  David,  M.A. 


Scott,  Alexander,  M.A. 
Stebbing,    Rev.    Thomas   Roscoe 

Rede,  M.A. 
Stewart,     Professor     Charles, 

M.R.C.S. 
Stirling,  William,  M.D. 
Stuart,  Professor  T.  P.  Ander- 
son, M.D. 
Sutton,  J.  Bland. 
Tanner,  Professor  Henry  William 

Lloyd,  M.A, 
Thomson,  Professor  John  Millar, 

F.C.S. 
Trouton,      Professor      Frederick 

Thomas,  M.A. 
Truman,  Edwin  Thomas,  M.R.C.S*. 
Turner,  Professor  Herbert  Hail, 

M.A. 
Waterhouse,  James,  Colonel. 
Whymper,  Edward,  F.R.G.S. 
Wilson,  William  E. 
Wimshnrst,  James. 
Woodhead,  German  Sims,  M.D. 
Woodward,  Horace  Bolingbroke, 

F.G.S. 
Wynne,  William  Palmer,  D.Sc. 


The  following  Papers  were  read : — 


L  ''The  Rubies  of  Burma  and  Associated  Minerals — their 
Mode  of  Occurrence,  Origin  and  Metamorphoses.  A  Con- 
tribution to  the  History  of  Corundum."  By  C.  Barrinoton 
Brown,  Esq.,  F.G.S.,  and  J.  W.  Judd,  F.RS.,  F.G.S., 
Professor  of  Geology,  Royal  College  of  Science.  Received 
February  6,  1895. 

(Abstract.) 

This  memoir  embodies  the  results  of  a  series  of  investigations 
which  were  initiated  by  the  Right  Hon.  Viscount  Cross,  sometime 
H.M.  Secretary  of  State  for  India,  shortly  after  the  annexation  of 
Burma  by  the  British  Government.  The  researches  were  undertaken 
with  a  view  to  the  determination  of  the  value  of  the  celebrated  ruby 
mines  of  that  country,  and  of  the  conditions  under  which  the  gem  is 
found.     One   of    the    authors,  Mr.    C.   Bairington   Brown,   visited 
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Upper  Burma  in  1887,  and,  nnder  the  auspices  of  the  Governor- 
General  of  India — the  Marquis  of  Ava — and  with  the  assistance  of 
the  military  and  civil  authorities  of  Burma,  was  enabled  to  make  a 
geological  survey  of  the  district  and  prepare  a  report  for  the  use  of 
the  Home  Government.  The  large  series  of  specimens  collected  to 
illustrate  this  report  was  entrusted  to  the  other  author  for  descrip- 
tion, and  he  has  prepared  the  portions  of  this  memoir  dealing  with 
the  petrology  and  mineralogy  of  the  district. 

It  was  in  a  memoir  read  before  this  Society  in  1798  that  the  crys- 
tallised oxide  of  aluminium  was  shown  by  Greville  to  be  a  definite 
mineral  species,  to  which  he  gave  the  name  of  "  corandum  ;"  while, 
in  an  appendix  to  this  memoir,  the  Count  de  Bournon  exactly  deter- 
mined the  crystalline  form  of  the  mineral.  Four  years  later,  the  last- 
mentioned  author  submitted  a  second  paper  to  this  Society,  in  which 
the  mode  of  occurrence  of  the  mineral  in  Ceylon  and  in  the  Salem 
District  in  Southern  India  was  fully  discussed.  Twenty  years  later, 
Leschenault  de  la  Tour,  while  on  a  scientific  mission  to  Southern 
India,  collected  and  sent  to  Paris  a  remarkable  series  of  rocks  from 
the  gem-bearing  districts.  Quite  recently,  an  able  French  mineralo- 
gist and  petrographer,  M.  A.  Lacroix,  has  described  the  series  of 
specimens  in  the  collections  made  by  de  Bournon  and  Leschenault  de 
la  Tour.  Much  light  has  been  thrown  on  the  mode  of  occurrence  of 
the  corundum  in  India  by  the  labours  of  Mr.  F.  M.  Mallet,  Dr,  V. 
Ball,  and  other  members  of  the  Geological  Survey  of  that  country ; 
the  remarkable  emery  deposits  of  Asia  Minor  have  been  thoroughly 
studied  by  the  late  J.  Lawrence  Smith  and  Professor  G.  Tschermak ; 
while  the  occurrence  of  corundum  in  the  Eastern  States  of  North 
America  has  formed  the  subject  of  important  memoirs  by  Dr.  Gtenth 
and  other  authors. 

The  famous  ruby  district  of  Upper  Burma  was  almost  unknown  to 
Eiu*opeans  before  the  annexation  of  the  country  by  the  British.  It 
is  situated  about  90  miles  N.N.E.  of  Mandalay,  and  about  11  miles 
E.  of  the  military  post  of  Thebayetkin,  on  the  Irrawaddy.  The 
tract,  so  far  as  explored,  is  abont  26  miles  long  and  12  broad,  and 
lies  at  elevations  varying  from  4,000  to  5,500  feet  above  the  sea-level. 
The  principal  mining  centre  in  this  district  is  Mogok,  and  the  present 
workings  for  rubies  extend  over  an  area  of  45  square  miles;  old 
workings,  however,  being  found  over  an  area  of  66  square  miles.  The 
principal  mining  operations  are  carried  on  in  the  three  valleys  of 
Mogok,  Kathay,  and  Kyatpyen ;  but  there  are  some  smaller  outlying 
districts,  in  which  mines  were  formerly  worked,  in  the  Injouk  Valley, 
near  Bernardmyo,  at  Wapudoung,  11  miles  E.  of  Thebayetkin,  and  at 
Launzee,  8  miles  S.W.  of  Kyatpyen.  There  is  also  a  small  tract  of 
ruby-bearing  rocks  (crystalline  limestones)  at  Sagyin,  24  miles  N.  of 
Mandalay ;  and  it  is  asserted  by  the  natives  that  two  other  lime^ 
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stone  Hills,  15  miles  N.  of  Sagjin,  have  yielded  rabies;  while  old 
ruby  workings  were  fonnd  in  making  the  railway  at  Kauksay,  30 
miles  S.  of  Mandalay.  It  is  also  probable  that  ruby-bearing  lime- 
stones, and  the  allnvial  earths  derived  from  them,  may  be  fonnd  in 
portions  of  the  adjoining  Shan  States.  Indeed,  at  a  point  abont  25 
miles  southward  from  Mogok,  in  the  Shan  State  of  Maingl6n,  Dr.  F. 
Noetling,  of  the  Geological  Survey  of  India,  has  found  that  rabies 
have  been  obtained  from  the  alluvium  of  a  stream  that  flows  from  the 
mountains  that  lie  considerably  to  the  S.E.  of  the  Mogok  District. 

The  rubellite  (red  tourmaline)  of  the  same  district  was  found  by 
Mr.  Barrington  Brown  not  to  occur  in  association  with  the  rubies, 
but  to  come  from  certain  gneisses  and  schistose  rocks.  The  locality 
which  yields  this  gem,  so  highly  prized  by  the  Chinese,  is  Nyoun- 
gouk,  10  miles  S.E.  of  Mogok ;  the  alluvium  which  yields  the  rubel- 
lite appears  never  to  contain  rubies  and  spinels.  Black  tourmaline 
(schorl)  has  been  extensively  worked,  as  shown  by  Dr.  F.  Noetling, 
in  the  Shan  State  of  Maingldn,  not  far  from  the  rubellite  locality. 

In  the  moantainous  tract  which  includes  the  ruby  districts,  the 
general  trend  of  the  hill  ranges  is  from  east  to  west.  The  bottom  of 
the  Mogok  Valley,  in  which  the  principal  workings  are  situated,  lies 
at  a  height  of  4,100  ft.  above  the  sea ;  while  the  loftiest  mountains  of 
the  range  to  the  north  and  east  are  the  Chenedoang  Peak,  7,362  ft., 
and  the  Taungnee  Peak  7,775  ft.  above  the  sea-level.  The  alluvia  of 
the  valleys  of  Mogok,  Kathay  and  Kyatpyen  are  formed  by  streams 
flowing  southwards  from  this  mountain  chain ;  while  those  of  the 
valleys  of  Injoak  and  Kabein  are  deposited  by  streams  flowing  in  the 
opposite  direction.  The  district,  which  is  a  somewhat  malarious  one, 
has  an  annual  rainfall  of  about  80  inches ;  bdt  in  March,  April,  and 
May,  the  sapply  of  water  for  mining  operations  is  deficient. 

The  mountains  are  composed  of  various  gneissic  and  granulitic 
rocks,  occasionally  passing  into  schists.  Subordinate  to  the  general 
mass  of  gneisses,  often  containing  garnets,  are  certain  peculiar 
varieties  of  foliated  and  massive  rocks,  including  both  acid  and  basic 
types,  with  limestone  bands,  often  of  a  highly  crystalline  character. 
It  was  in  these  limestones  that  the  rubies  and  spinels  were  found  to 
be  embedded,  associated  with  graphite,  phlogopite,  pyrrhotite,  and 
many  other  minerals.  The  sides  of  the  hills  are  found  to  be  shrouded 
in  a  deposit  of  hill- wash,  often  50  ft.  in  thickness,  composed  of 
fragments,  derived  from  the  mountains,  embedded  in  a  clayey  matrix. 
On  the  bottoms  of  the  larger  valleys  there  are  extensive  level 
deposits  of  alluvial  matter,  consisting  of  brown,  sandy  clay,  resting 
on  coarse  gravels,  which  in  tarn  cover  other  argillaceous  beds.  .It  is 
in  these  lower  clay  beds  of  the  river  alluvia,  and  in  similar  deposits 
formed  in  gullies  in  the  hi  11- wash,  that  the  rubies,  spinels,  and  other 
gems  of  the  district  are  found. 
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Mining  operations  for  the  obtaining  of  rubies  are  carried  on  in 
Bai*ma  in  four  different  ways.  (1.)  In  tbe  alluvia,  **  twinlones," 
square  pits  from  2  to  9  ft.  across,  ingeniously  timbered  witb  bamboo, 
are  sank  to  tbe  ruby  eartb,  the  drainage  of  the  pits  and  the  removal 
of  material  being  effected  by  baskets  attached  to  balance  poles,  both 
made  of  bamboo.  (2.)  In  the  hill- wash  long  open  trenches,  called 
"  hmyaudwins,*'  are  carried  from  the  sides  of  a  gully,  and  the  earth 
is  washed  out  by  streams  conveyed  into  the  trenches  by  bamboo 
pipes.  (3.)  In  the  caves  and  fissures  filled  with  earth  which  abound 
in  the  limestone  rocks,  regular  mines — "loodwins" — are  opened,  and 
the  productive  ruby  earth  is  followed  for  long  distances  by  means  of 
shafts  and  galleries.  (4.)  The  limestones  which  contain  the  rubies 
are  at  one  or  two  points  quarried,  and  the  gems  are  obtained  by 
breaking  up  the  rock  masses. 

The  extensive  rubellite  mines  at  Nyoungouk  are  worked  in  a 
somewhat  similar  plan  to  the  "  hmyaudwins."  Water  is  delivered 
by  a  number  of  bamboo  pipes  at  the  head  of  the  almost  vertically 
exposed  faces  of  alluvium;  and  as  the  masses  of  the  latter  are 
loosened,  the  miners  dash  water  upon  them  from  shovel-shaped 
baskets,  and  are  able  to  detect  and  pick  out  by  hand  the  brilliantly 
coloured  stones  exposed  on  the  washed  surfaces. 

The  petrology  of  this  district  of  Upper  Burma,  in  which  the  rubies, 
spinels,  and  rubellite  occur,  presents  features  of  the  greatest  geolo- 
gical interest.  In  many  respects  the  petrology  of  Burma  exhibits  close 
analogies  with  that  of  the  corundif erous  localities  of  Ceylon,  the  Salem 
District,  and  other  portions  of  the  Indian  peninsula ;  but  some  of  the 
phenomena  presented  by  the  rocks  of  the  Burma  ruby  district  do 
not  appear  to  find  a  parallel  in  any  of  the  gem-yielding  tracts 
described  by  de  Bournon  and  more  recently  by  Lacroix. 

The  general  mass  of  gneissic  rocks  composing  the  mountainous 
district  iu  which  the  ruby  localities  are  situated  are  of  intermediate 
chemical  composition,  and  consist  of  biotite-gneisses,  biotite-granu- 
lites,  and,  more  rarely,  biotite  schists — rocks  in  which  hornblende  is 
rare  or  altogether  absent,  but  which,  on  the  other  hand,  are  often 
remarkably  rich  in  garnets.  Neither  corundum  nor  spinel  have  been 
certainly  detected  in  these  rocks. 

Interfoliated  with  these  ordinary  gneissic  rocks,  which  form  the 
great  mass  of  the  mountains,  we  find  rocks  of  much  more  acid  com- 
position, including  very  coarse  pegmatites  and  graphic  granites, 
aplites  and  granulites  (leptynite  or  Weiss-stein),  granular  quartzites, 
and  orthoclase-epidote  rocks.  The  orthoclase  of  these  rocks  fre- 
quently contains  inclusions  of  fibrolite  and  other  minerals,  it  often 
exhibits  the  ^'  mnrchisonite  "  modification  and  partings,  and  is  not 
unfrequently  converted  into  '*  moonstone ;"  still  more  complete  altera- 
tions of  the  orthoclase  into  epidote,  muscovite,  and  kaolin  being  by 
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no  means  nncommon.  In  the  rubellite  district  o£  Nyonngoak  these 
acid  rocks  contain  pink  and  bine  tourmaline  (rabellite  and  indicolite), 
often  beantifully  zoned,  and  it  is  probably  from  rocks  of  this  class 
that  the  fine  gem  rnbellites  are  derived. 

Of  still  greater  interest  are  certain  other  subordinate  rocks  of  basic 
and  sometimes  nltra-basic  composition.     These  include  the  remark- 
able pyroxene-gneisses  and  pyroxene-granulites,  which  have  in  recent 
years  been  described  as  occurring  in  so  many  widely- scattered  regions 
— such  as  Ceylon,  Southern  India,  Central  and  Soathem  Europe, 
Norway  and   Sweden,  Brittany,  Spain,  Algeria,  Eastern,  Western, 
and  Southern  Africa,  the  United  States  and  Canada,  Brazil,  and  New 
Caledonia.     In  these  rocks  the  felspars  are  for  the  most  part  basic 
ones,  near  to  anorthite ;  the  crystals  almost  always  exhibit  the  phe- 
nomenon described  by  French  petrographers  as  **  quartz  of  corro- 
sion," and  the  partial  or  complete  transformation  of  these  felspars 
into  scapolite  ^  werneritisation  ")  can  frequently  be  traced.     The 
ierro-magnesian  silicates  are  represented  by  many  varieties  of  augite 
(sablite,  diopside,  and  SBgerine),  of  enstatite  (bronzite  and  hypers- 
thene),  and  more  rarely  of  hornblende.    Garnets  are  a  frequent  and 
abundant  constituent  in  many  of  these  rocks,  which,  in  their  acces- 
sory minerals  and  their  structures  often  exhibit  many  features  of 
striking  interest.     By  the  gradual  disappearance  of  the  felspars  from 
these  rocks,  they  pass  into  remarkable  varieties  of  pyroxenites  and 
amphibolites.      The  chief  varieties  of  these  rocks,  which  are  now 
described   from    Burma,  are   the   following : — Augite- gneiss    (with 
sahlite,  green  diopside,  <fcc.),  augite-granulites  (very  rich  in  garnet), 
enstatite-gneiss  (with  bronzite  or  hypersthene),  enstatite -gran  ulites 
(rich  in  garnet),  scapolite-gneisses,  scapolite-granulites,  pyroxenites 
and  amphibolites  of  many  varieties,  and  lapis-lazuli  (lazurite-diopside- 
epidote  rock).     Many  of  these  rocks  contain  crystals  of  calcite  scat- 
tered through  them. 

It  is  with  these  basic  rocks,  and  more  especially  with  the  ultra- 
basic  types  last  mentioned,  that  the  remarkable  crystalline  limestones 
that  contain  the  rubies  and  spinels  are  most  intimately  associated ; 
indeed  the  passage  of  rocks  consisting  of  various  silicates  with  a 
few  calcite  crystals  into  masses  principally  composed  of  calcite,  but 
with  the  sUicate  minerals  and  oxides  dispersed  through  them,  is  of 
the  most  insensible  kind.  Some  of  the  ruby-bearing  limestones  are 
highly  micaceous  ("  cipollinos  "),  others  are  "  calciphyres,"  in  some 
of  which  the  individual  calcite  crystals  attain  enormous  dimensions. 
With  the  rubies  and  spinels  are  found  a  great  number  of  oxides  and 
silicates,  both  original  and  secondary,  with  much  graphite  and  pyr- 
rhotite. 

In  the  gravels  and  clays  of  the  district  fine  specimens  of  the  mine- 
rals derived  from  the  atmospheric  degradation  of  the  limestones  and 
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other  rocks  are  foand,  sometimes  broken  and  waterworn,  at  other 
times  almost  nninjored. 

The  study  of  the  extensiye  series  of  minerals  brought  from  the 
rnbj  mines  of  Burma  is  calculated  to  throw  light  upon  many  im- 
portant scientific  problems. 

The  association  of  mineraLs  in  the  remarkable  crystalline  lime- 
stones of  Burma  is  worthy  of  the  most  carefal  consideration.  Cor- 
undam — ^in  its  various  forms  of  ruby,  sapphire,  white  sapphire, 
oriental  amethyst,  oriental  topaz,  &c. — is  found  associated  with  red, 
purple,  brown,  black  and  other  spinels,  the  relative  proportions  of 
the  minerals  composed  of  aluminium  oxide  and  of  magnesium  alu- 
minate  being  very  variable.  The  other  minerals  present  in  the  crys- 
talline limestones  are  zircon  (rare) ;  garnets  (abundant  in  some 
places) ;  a  remarkable  bine  apatite ;  felspars,  of  many  species  and 
varieties  (including  murchisonite,  moonstone,  sunstone,  <&c.),  and  in 
every  stage  of  alteration ;  quartz  (in  many  varieties,  and  exhibiting 
some  remarkable  peculiarities  of  crystallisation)  ;  micas  (phlogopite, 
fuchsite,  with  muscovite  and  other  secondary  and  so-called  hydro- 
micas) ;  hornblende  and  arf vedsonite ;  augite  (sahlite,  diopside,  and 
s^yrine) ;  enstatite  (bronzite  and  hypersthene)  ;  wollastonite ; 
lapis-lazuli ;  fibrolite ;  scapolite ;  with  graphite  and  pyrrhotite.  In 
addition  to  muscovite  and  other  secondary  micas,  we  find  the  follow- 
ing alteration  products  : — Diaspore,  margarite,  and  other  clintonites, 
dilorites,  vermiculites,  and  carbonates. 

It  is  a  noteworthy  circumstance  that  none  of  the  silicates  com- 
bined with  fluorine  and  boron  compounds — such  as  topaz,  tourmaline, 
chondrodite  and  humite,  axinite,  or  datholite  have  been  certainly 
detected  in  these  limestones.  Beryl  (aquamarine)  and  danburite 
have  been  said  to  occur  in  the  ruby  earths,  but  there  is  reason  for 
doubting  the  correctness  of  the  statement.  The  limestone  which,  in 
the  association  of  minerals  found  in  it,  most  closely  resembles  the 
rock  of  Burma,  is  the  remarkable  white  limestone  of  Orange  County, 
N.  Y.,  and  Sussex  County,  N.  J. ;  but  in  the  American  rock  the 
c  >rundum  and  spinels  are  associated  with  tourmalines  and  chon- 
drodites. 

In  considering  the  question  of  the  origin  of  the  corundnms  and 
spinels  of  Burma,  there  are  several  very  important  facts  to  be  borne 
in  mind.  The  gems,  when  found  in  situ,  always  appear  to  occur  in 
the  limestone,  and  this  limestone  is  of  a  very  remarkable  character. 
There  are  no  facts  which  point  to  the  conclusion  that  the  limestone 
was  originally  of  organic  origin,  but  many  circumstances  suggest 
that  it  may  have  been  formed  by  purely  chemical  processes  going  on 
at  great  depths  within  the  earth's  crust.  The  highly-crystalline 
calcareous  rock,  besides  containing  so  many  silicates  and  oxides,  in 
associated  in  the  most  intimate  manner  with  pyroxene-gneisses  and 
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grannlites  containing  anorthite,  and  wiih  varions  pyrozenites  and 
amphibolites.  The  lime  felspars  and  lime-soda  felspars  of  these 
rocks  show  the  greatest  tendency  to  undergo  change — passing  into 
scapolites  by  the  process  known  as  "  wemeritisation/'  and  eventnally 
giving  rise  to  the  separation  of  calcium  carbonate  and  hydrated 
alaminium  silicates.  That  from  the  last-mentioned  salts  the 
hydrated  oxides  of  aluminium  (diaspore,  gibbsite,  bauxite,  &c.)  may 
be  separated  has  been  shown  by  the  studies  of  Liebrich  and  others, 
while  the  conversion  of  these  substances  into  the  anhydrous  alu- 
minium oxide  has  been  shown  to  take  place  by  H.  St.  Claire  Deville, 
Stanislas  Meunier,  and  others. 

Crystallised  alaminium  oxide  (corundum)  has  now  been  formed  by 
chemists  by  no  less  than  20  different  processes,  and  in  some  cases, 
like  those  described  by  Senarmont,  Weinschenk,  Bruhns,  and 
Friedel,  the  formation  and  crystallisation  of  the  substance  has  been 
effected  at  very  moderate  temperatures  under  pressure.  By  one  or 
other  of  these  or  similar  methods,  it  is  probably  that  the  formation 
of  the  Burma  corundum  and  spinel  has  been  effected,  the  source  of 
the  minerals  being  the  decomposition  products  of  basic  and  easily- 
altered  lime  felspars  in  the  pyroxene-gneisses. 

Of  still  greater  interest  than  the  question  of  the  origin  of  the 
corundums  and  spinels  are  the  problems  connected  with  the  remark- 
able changes  that  these  minerals  undergo  in  deep-seated  rock  masses. 
The  rubies  of  Burma,  when  found  in  situ  in  the  limestones,  are 
usually  seen  to  be  enveloped  in  a  mass  of  materials  produced  by  the 
alteration  of  their  superficial  portions.  Nearest  to  the  unaltered  gem 
is  a  zone  of  diaspore— the  hydrated  aluminium  oxide — and  this  is  found 
to  pass  insensibly  into  various  hydrous  aluminous  silicates — mar- 
garites  and  other  clintonites,  vermiculites,  muscovites,  kaolinites,  <&c. 
While,  in  some  instances,  the  corrosion  of  the  rubies  appears  to  have 
gone  on  in  a  seemingly  irregular  manner,  in  the  majority  of  cases 
a  very  definite  mode  of  metamorphosis  may  be  detected  by  the  study 
of  the  various  examples.  There  are  evidently  certain  planes  of  **  chemi- 
cal weakness  "  (analogous  to  the  cleavage  planes,  gliding  planes,  and 
other  dii*ections  of  physical  weakness)  along  which  decomposition 
goes  on  most  readily.  The  principal  of  these  solution  planes  is  the 
basal  plane,  and  parallel  to  it  we  find  the  gems  eaten  away  in  a 
series  of  step-like  surfaces.  Other  less  pronounced  planes  of  chemical 
weakness  exist  parallel  to  the  prism  faces.  Unaltered  corundum  is, 
like  quartz,  destitute  of  true  cleavage,  and  breaks  with  a  perfectly 
conchoidal  fracture.  If,  however,  gliding  planes  and  lamellar 
twinning  be  developed  in  corundum  (like  those  so  easily  produced  in 
the  same  way  in  calcite),  parallel  to  the  fundamental  rhombohedron 
of  the  crystals,  then  these  gliding  planes  become  '*  solution  planes," 
along  which  chemical  action  takes  place  most  readily.     Along  the 
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primary  or  secondary  solution  planes,  hydration  of  the  alnmininm 
oxide  takes  place,  and  diaspore  is  formed,  as  shown  by  Lawrence 
Smith  and  Genth,  and  this  unstable  mineral  enters  into  combination 
with  silica  and  other  oxides  present  to  give  rise  to  the  numerous 
pseudomorphs  of  corundum,  which  ai*e  so  well  known  to  mineralo- 
gists. 

There  are  certain  crystals  of  corundum  and  spinel  from  Burma, 
which  present  illustrations  of  corrosion  of  a  very  remarkable  and 
interesting  character.  Commencing  with  the  formation  of  naturally 
etched  figures  ("  Verwitterungsfiguren  *')  the  work  of  corrosion  goes 
on  till  the  whole  crystal  is  bi*oken  up  into  an  aggregate  of  simple 
forms — these  being,  in  the  case  of  the  spinel,  the  octahedron,  and 
in  the  case  of  the  corundum,  a  combination  of  the  rhombohedron, 
basal  plane,  and  prism. 

It  is  interesting  to  note  that  the  quartz,  felspars,  and  other  minerals 
associated  with  the  rubies  and  spinels  of  Burma,  exhibit  phenomena 
of  external  etching  and  internal  chemical  change  similar  to  those  we 
have  been  describing  in  the  case  of  the  gems.  The  study  of  the 
whole  of  the  phenomena  throws  much  new  light  on  the  remarkable 
changes  which  take  place,  at  great  depth  in  the  earth's  crust,  in 
minerals  which,  at  the  surface,  appear  to  be  of  a  very  stable 
character. 


IL  "  The  Action  of  Heat  upon  Ethylene.  IL"  By  VmAN  B. 
Lewes,  Professor  of  Chemistry  at  the  Royal  Naval 
College,  Greenwich.  Communicated  by  Professor  T.  E. 
Thorpe,  F.R.S.    Received  January  10,  1895. 

In  a  paper  communicated  to  this  Society  in  the  spring  of  1894,*  I 
showed  that  ethylene,  when  subjected  to  heat,  was  converted  into 
acetylene  and  methane,  according  to  the  equation 

SCaHi  =  2C,H,+2CH4, 

and  that  the  acetylene  so  formed  either  at  once  polymerised,  forming 
a  large  number  of  secondary  products,  or  else  decomposed  to  carbon 
and  hydrogen,  according  to  the  temperature  at  which  the  action  was 
being  carried  on. 

The  fact  that  ethylene  is  one  of  the  principal  products  in  many 
cases  of  destructive  distillation,  renders  a  knowledge  of  the  conditions 
affecting  these  changes  of  considerable  importance,  and  the  experi- 
ments described  in  this  paper  were  made  with  the  view  of  ascertaining 
the  efPect  of  rate  of  flow,  area  of  heated  surface,  and  dilution  upon 
the  changes  taking  place. 

•  *  Boy.  Soc.  Ppoc.,'  toI.  66,  p.  90. 
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The  apparatuB  and  methods  of  analysis  employed  were  the  same  as 
described  in  the  former  paper,  with  the  exception  that  a  platinum  tube, 
14  mm.  in  diameter  and  73'6  cm.  long,  was  used  as  the  decomposing 
chamber,  and  that  an  easily  regulated  gas  combustion  furnace  was 
employed  as  the  source  of  heat.  The  temperature  of  the  gas  in  the 
tube  was  measured  as  before,  by  the  Le  Chatelier  thermo-couple, 
and  every  precaution  was  taken  to  keep  it  constant  during  the 
experiments. 

The  ethylene  in  each  case  was  prepared  by  heating  a  mixtui-e  of 
25  parts,  by  weight,  of  alcohol  and  150  of  strong  sulphuric  acid, 
purifying,  and  storing  in  a  large  glass  holder. 

The  first  set  of  experiments  was  to  ascertain  the  influence  of 
ai^a  of  heated  surface  upon  ethylene  when  passing  through  a  tube 
heated  to  the  temperature  most  often  employed  in  the  destructive 
distillation  of  coal  and  hydrocarbon  oils,  and  also  to  find  the  result 
of  varying  the  rate  at  which  the  gas  was  passed  through  the. zone  of 
heat. 


Table  I. — Influence  of  Rate  of  Flow  and  Length  of  Heated  Surface 
upon  the  Amount  of  Ethylene  decomposed.  Temperature,  900^  G. 
Kate  of  Flow,  5  c.c.  per  minute. 


Length  of  tube  heated 


Volume  of  gas — before  heating 

aft«r 


a 


n 


a 


1  inch. 


625 
490 


6  inches. 


625 
653 


Analysis  of  gaseous  products. 


Carbon  dioxide 

Oxygen    

Unsaturated  hydrocarbons   

Carbon  monoxide 

Saturated  hydrocarbons  by  absorp. 
„  „  by  explos. 

Hydrogen   

Nitrogen 


0-75 

0-50 
17-80 

2-21 
11-25 
35-62 
24  12 

7-75 


} 


46-87 


0-50 

0-25 

10-75 

1-75 

9-601 

51-25/ 

22-75 

3-25 


60-75 


18  inches. 


625 
670 


0-75 

1-00 

2-75 

1-75 

12-22 

53-20 

24-00 

4-33 


} 


65-42 


On  now  calculating  the  percentage  for  the  change  in  volume,  we 
obtain  the  following  fig^ures : — 


1 

Length  of  tube  heated    

1  inch. 

6  inches. 

18  inches. 

Unsaturated  hydrocarbons 

Saturated  hydrocarbons 

Hydrocren • 

16-60 
43-72 
22-60 

11-25 
63-42 
23-75 

2-94 
70-13 
25-72 
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The  original  gas,  however,  only  contained  96*7  per  cent,  of 
ethylene,  so  that  the  percentages  of  unsaturated  hydrocarbons  decom- 
posed are : — 


• 

Length  of  tube  heated    

• 

1  inch. 

6  inches. 

18  inchei. 

80-1 

85-48 

93-76 

Table  II.— Temperature,  900**  C.     Rate  of  Flow,  15  c.c. 


Length  of  tube  heated 


Volume  of  gas — before  heating. 


}> 


i> 


after 


}i 


1  inch. 


688 
615 


6  inches. 


600 
516 


Analysis  of  gaseous  products. 


Carbon  dioxide   

Oxygen    

Unsaturated  hydrocarbons   

Carbon  monoxide 

Saturated  hydrocarbons  by  absorp. 
„  „  by  explos. 

Hydrogen 

Kitrogen    


0-20 

0-50 
28-75 

1-50 

8 
33 
21-15 

5-65 


:^}42-25 


18  inches. 


1 

•00 

0 

•50 

20 

•15 

1 

-50 

9 
42 

-37  '^^ 

•81 

20 

•55 

4 

•50 

600 
640 


0-50 

0-76 

6-00 

1-75 
19  221^^ 
37-50/^^^ 
28-75 

6-63 


On  now  calculating  the  percentage  for  the  change  in  yolume,  we 
obtain  the  following  figures : — 


Length  of  tube  heated    

1  inch. 

6  inches. 

18  inches. 

Unsaturated  hydrocarbons 

Saturated  hydrocarbons 

Hydrosen 

25-87 
88-02 
19-03 

17-28 
44-44 
17-63 

6  39 
60  46 
80-64 

..^J\A.Vg«.U  .•••.••• •• 

The  original  gas  contained  96-7  per  cent,  of  ethylene,  so  that  the 
percentages  of  unsaturated  hydrocarbons  decomposed 


Length  of  tube  heated    

1  inch. 

6  inches. 

18  inches. 

1 

70-88 

79-42 

90  31 
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Table  III.— Temperatnre,  900^  C.     Rate  of  Flow,  40  c.c. 


Length  of  tube  heated 


Volume  of  gas— before  heating . . 

after 


» 


» 


)) 


1  inch. 


870 
790 


6  inches. 


1050 
985 


Analysis  of  gaseous  products. 


Carbon  dioxide  

Oxygen    

Unsaturated  hydrocarbons  

Carbon  monoxide   

Saturated  hydrocarbons  by  absorp, 
M  M  ty  explos. 

Hydrogen    

Nitrogen 


0-75 

0-50 

50-80 

1-50 


}«-«}27-67 


14-50 
4-28 


0-50 

0-75 

35-75 

1-00 


30-50/*^ 


18  inches. 


1000 
980 


75 


I 


16-65 
8-60 


0-25 
0-50 
9-75 
1-50 

10 

46 

28-00 
4-00 


;^}  66-50 


Calcnlating  the  percentage  for  the  change  in  yolame,  we  obtain  the 
following  figures : — 


Length  of  tube  heated 

1  inch. 

6  inches. 

18  inches. 

Unsaturated  hydrocarbons 

Saturated  hydrocarbons 

Hvdroeen 

46-12 
25-12 
13-16 

33-53 
39*16 
15-61 

9-55 
55-37 
27-44 

The  original  gas  contained  96*7  per  cent,  of  ethylene,  so  that  the 
percentages  of  unsaturated  hydrocarbons  decomposed  are — 


Length  of  tube  heated    •  • 

1  inch. 

6  inches. 

18  inches. 

60-58 

63-17 

87-15 

On  collecting  these  results  in  one  table — 


Percentage  of  ethylene  decomposed. 

Length  of  tube  heated    

1  inch. 

6  inches. 

18  inches. 

5  c.c * .  • . . 

80-10 
70-83 
50-58 

85-48 
79  -42 
63-17 

93-76 
90-31 
87  15 

15  CO • 

40  CO 
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The  first  thing  that  strikes  one  is  the  enormons  amount  of  decom- 
position which  takes  place  in  the  first  inch  of  flow  through  the  heated 
tube,  and  the  small  effect  which  an  increase  in  the  length  of  the 
heated  surface  has  upon  the  further  decomposition  of  the  unsaturaied 
hydrocarbons. 

This  result  might  be  caused  by  the  methane  and  hydrogen  formed 
during  the  decomposition  diluting  the  remaining  ethylene,  and  so 
rendering  the  decomposition  more  difficult;  it  may  also  arise  from 
secondary  actions  taking  place  amongst  the  primary  products,  and 
again  forming  ethylene,  or  it  may  be  due  to  both  these  causes  acting 
together. 

In  order  to  trace  the  efPect  of  dilution,  a  series  of  experiments  was 
made  in  which  ethylene,  diluted  with  hydrogen,  was  passed  through 
6  inches  of  the  same  tube  as  was  used  in  the  previous  experiments, 
heated  to  the  same  temperature,  and  under  precisely  similar 
conditions. 

The  store  holder  of  ethylene  used  for  making  the  mixture  contained 
a  gas  which  gave,  on  analysis. 

Ethylene 97*85 

Nitrogen. 200 

Oxygen 015 

Table  IV. — Influence  of  Dilution  in  Checking  Decomposition  of 
Ethylene.  Length  of  tube  heated,  6  inches.  Rate  of  Flow,  10  c.c. 
per  minute.     Temperature,  900®  C. 


Percentage  of  hydrogen  

„  ethylene    

Volume  of  gas — before  heating 

after         „ 


)i 


» 


nU 
98-7 
100  0 
81*8 


10-0 

90  0 

100  0 

69*5 


Analysis  of  produota  of  decomposition. 


Carbon  dioxide 

Oxygen    

*  Unsaturated  hydrocarbons 

Carbon  monoxide 

Saturated  hydrocarbons  by  absorp. 
„  „  by  explos. 

Hydrogen   

Nitrogen •  •  •  • 

^Containing  acetylene    


1-00 

0-60 

32-62 

1-00 

17-75 

32*50 

12-62 

2-11 

1-06 


} 


50*25 


0-75 

0-26 

31  00 

1-25 

14-50 

36-25 

U-26 

1-75 

0-52 


} 


50-75 


25 

75 

100 

69 


0-50 

0-25 

29  00 

1-00 

14-50 

33-95 

18-50 

2-30 

0-73 


} 


48-45 
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Percentage  of  hydrogen  •  • . . . 

yy  etb  jlene     

Volume  of  gas — before  heating 

after 


» 


>» 


it 


50 

50 

100 

64 


76 

25 

100 

85 


95 

5 

100 

100 


Carbon  dioxide 

Oxygen    

*  Unsaturated  hydrocarbons 

Carbon  monoxide 

Saturated  hydrocarbons  by  absorp. 

„  „  by  explos. 

Hydrogen    

Nitrogen 

*  Containing  acetylene 


Analysis  of  products  of  decomposition. 

1-26 


22-25 
1-25 

27-50/^*' 
37  15 

2  10 

0*32 


00 


0-50 

0  15 

11-10 

1-00 

10  -30  /  ^^ 
68-45 

3  00 

0  15 


80 


2-00 
0-50 


IToV-^^ 


89*15 
3-50 
trace 


On  calculating  these  percentages  for  the  change  in  volume,  we 
obtain  the  following  results : — 


I. 

II. 

m. 

IV. 

V. 

VI. 

Unsaturated  hydrocarbons  • . 
Saturated  hydrocarbons    .  •  •  • 

25-58 
40-85 

21-18 
35-27 

19-50 
33-43 

14*04 
23*04 

9-30 
13-43 

2-00 
4*85 

The  ethylene  taken  only  contained  97*85  per  cent,  of  the  hydro- 
carbon, hence — 


I. 

11. 

III. 

IV. 

V. 

VI. 

Unsaturated     hydrocarbons 
originally  present    

Unsaturated     hydrocarbons 
present  after  heating  .... 

97*85 
25*58 

88-02 
21-18 

73-85 
19*50 

48*90 
14*04 

24-45 
9*30 

4*89 
2*00 

Unsaturated     hydrocarbons 
decomposed ••••••• 

72*27 

66-84 

53-85* 

34*88 

15*15 

2*89 

and  calculating  this  to  percentage  of  total  ethylene  decomposed — 


I. 

II. 

III. 

IV. 

V. 

VI. 

73-86 

75*94 

73*24 

71-80 

61*96 

69  10 

which  shows  that  dilution  has  practically  no  efPect  in  retarding  the 
decomposition  until  75  per  cent,  of  diluent  is  present,  and  also  clearly 
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points  to  its  being  radiant  heat,  and  not  contact  with  the  heated  sides 
of  the  tube,  which  is  responsible  for  the  largest  proportion  of  the 
decomposition  ;  since,  had  contact  been  the  active  factor,  dilution,  by 
reducing  the  number  of  impacts  of  the  hydrocarbon  molecules  with 
the  heated  surface,  would  have  shown  a  considerable  decrease  in 
decomposition. 

Some  information  can  be  obtained  as  to  the  secondary  reactions 
which  accompany  the  main  decomposition,  by  studying  the  propor- 
tions in  which  the  products,  other  than  ethylene,  are  present  in  the 
gases  after  heating. 

Taking  the  experiments  made  upon  the  effect  of  length  of  heated 
tube  and  rate  of  flow,  and  tabulating  the  percentages  of  saturated 
hydrocarbons  and  hydrogen  corrected  for  change  of  volume,  we 
obtain  the  following  results  : — 

Saturated  Hydrocarbons. 


Length  of  tube  heated 

5  CO 

15  c.c 

40  c.c 


1  inch. 


43*72 
88*02 
25-12 


6  inches. 


63*42 
44-44 
39  16 


18  inchee. 


70*13 
60*46 
55-37 


The  temperature  employed  in  these  experiments  is  not  sufficiently 
high  to  cause  any  large  amount  of  the  methane  to  decompose,  so  that 
the  volume  should,  according  to  theory,  approximate  to  two-thirds  of 
the  ethylene  decomposed. 


. 1 

1  inch  of  heated  tube. 

Bate  of  flow 
per  minute. 

Ethylene 
deoompoeed. 

Methane 
found. 

Calculated. 

Variation. 

6  CO. 
16  CO. 
40  CO. 

80- 10 
70  83 
50-68 

43*72 
38  02 
25-12 

63-40 
47-22 
38*72 

-9-68 
-9-20 
-8-60 

6  inches  of  heated  tube. 

5  CO. 
15  c.c. 
40  CO. 

85-48 
79*42 
68*17 

63*42 
44-44 
39-16 

66-98 
52-94 
42*12 

+  6-44 
-8*50 
+  2-96 

18  inches  of  heated  tube. 

6  CO. 
15  c.c. 
40  cc 

98*76 
90*81 
87  16 

70-18 
60-46 
66 -37 

64-50 
60-20 
68-10 

+  6-63 
+  0-26 
-2-7» 
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The  fact  that  when  only  1  in.  of  tube  is  heated,  there  is  a  fairly 
constant  deficit  of  the  kind  to  be  expected  at  the  temperature  em- 
ployedf  and  that  when  a  greater  length  of  heated  tube  is  used  with  a 
5  c.c.  rate  of  flow,  the  deficit  becomes  a  substantial  surplus,  at  once 
suggests  that  methane  is  amongst  the  secondary  as  well  as  the 
primary  products  of  decomposition. 

In  the  dilution  experiments,  the  larger  contraction  in  the  yolume 
noticeable  points  to  the  diluting  of  the  products  &youring  polymeri- 
sation. 


Dilution. 

Efchjiene 
decomposed. 

Methane. 

Yariation. 

Found. 

Calculated. 

Nil 

72-27 
66-84 
53-85 
34-88 
15  16 
2-89 

• 

40*85 
35-27 
33-43 
23-04 
13-43 
4-85 

48-18 
44-56 
35-90 
23-24 
10-10    • 
1-92 

-7-33 
-9-29 
-2-47 
-0-30 
+  3*38 
+  2-93 

10  per  cent.  . . 

25        „ 

50 

75 

95        „ 

It  seems  probable  from  the  figures  that  when  dilution  reaches  above 
50  per  cent.,  not  only  is  decomposition  of  the  methane  retarded,  but 
formation  as  a  secondary  product  commences. 

Ever  since  water  gas  has  been  in  use  it  has  been  well  known  that 
it  contained  traces  of  methane  and  acetylene,  under  conditions  which 
render  it  impossible  for  them  to  haye  been  formed  from  hydrocarbons 
remaining  in  the  incandescent  fuel,  and  the  probabilities  are  thai; 
they  have  been  produced,  the  acetylene  by  direct  combination  of 
carbon  and  hydrogen,  and  the  methane  by  its  partial  decomposition. 

The  formation  of  ethylene  from  nascent  hydrogen  and  acetylene 
takes  place  at  such  temperatures  as  those  employed,  and  the  amount 
so  formed  and  again  broken  up  by  the  radiant  heat  is  purely  a  func- 
tion of  mass ;  so  that  I  conceive  from  these  experiments,  the  ethylene 
at  once  to  a  great  extent  decomposes  under  the  influence  of. 
sufficiently  high  radiant  heat  according  to  the  equation : — 

3CtIi4  =  2CfB[a  4"  2GM4, 

and  that  the  acetylene  partly  decomposes,  the  nascent  hydrogen  again 
uniting  with  more  acetylene  to  reproduce  ethylene,  whilst  other  por- 
tions of  the  acetylene  polymerise  to  benzene  and  other  more  complex 
hydrocarbons,  and  that,  if  the  flow  of  this  mixture  be  continued 
through  a  heated  chamber,  the  action  continues,  the  amount  of  ethyl- 
ene regenerated  becoming  less  and  less,  until  it  ceases  to  exist  as  a 
product  of  the  decomposition. 

VOL.  LYII.  ^  ^ 
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It  is  well  known  that  hydrogen  will  difPuse  throngh  ignited 
platinnm  into  a  Yacuons  space  or  even  into  other  gases,  and  althongh 
no  change  in  yolume  was  observed  when  a  mixture  of  95  per  cent, 
hydrogen  and  5  per  cent,  ethylene  was  passed  throngh  the  tnbe 
heated  to  900**  C,  it  seemed  advisable  to  make  special  experiments  to 
ascertain  if  any  loss  of  hydrogen  from  this  cause  did  take  place  at 
the  temperature  employed. 

The  apparatus  having  been  fitted  up  as  before,  6  in.  of  the  tube 
were  heated  to  between  900°  and  1000°  C,  and  a  carefully  measured 
volume  of  pure  hydrogen  was  made  to  pass  through  it  three  times  at 
ti  slow  rate  of  flow,  with  the  result  that,  after  being  brought  back  to 
its  original  temperature  and  pressure,  it  measured  99*5  per  cent,  of  the 
volume  taken,  showing  that  error  from  this  cause  is  not  likely  to 
have  taken  place. 

A  new  series  of  experiments  was  now  undertaken  to  ascertain,  if 
possible,  how  increase  of  contact  with  the  heated  walls  of  the  con- 
taining vessel  afPected  the  amount  and  character  of  the  decomposition 
taking  place. 

In  order  to  do  this,  a  small  platinum  tube  2*5  mm.  in  diameter  and 
4*5' 72  cm.  long  was  taken  in  place  of  the  one  used  in  the  previous  ex- 
periments, which  was  14  mm.  in  diameter.  The  area  of  the  big  tube 
therefore,  as  compared  with  the  area  of  the  small  tube,  was  as  1*54  to 
0'049,  and  in  order  to  obtain  the  relative  amount  of  decomposition  it 
is  manifest  that  the  rate  of  flow  must  be  the  same  in  both  tubes. 

If  the  rate  of  flow  in  the  big  tube  be  40  c.c.  per  minute,  then 

2-5«  X  40 


14»^ 


=  1-27 


will  give  the  required  rate  for  the  small  tube. 

Table  V.— Temperature,  900°  C.    Rate  of  Flow,  127  c.c.  per  minute. 


Length  of  tube  heated 


Volume  of  gas — ^before  heating. . 

after 


»> 


V 


i> 


1  inch. 


100 
80 


6  inches. 


100 
91 


12  inches. 


100 
97 


Analysis  of  gaseous  products. 


Carbon  dioxide 

Oxygen    

^Unsaturated  hydrocarbons 

Carbon  monoxide 

Saturated  hydrocarbons  by  absorp. 
„  »  by  explos. 

Hydrogen   . .  • 

Nitrogen     •  •  •  •  • 

^Containing  acetylene    


l-OO- 

0*25 
16-30 

0-76 
13-50 
37-00 
26  00 

6-20 

0-3 


} 


60-60 


0-75 

0  00 
12*20 

1-00 
12  -10 1 
48*20/ 
18-75 

7*00 

0*32 


60-30 


0-75 
0-25 
6-30 
1*00 
9-50 
45  00 
30*80 
6*40 
0*20 


} 


64-60 
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Correcting  tlie  unsaturated  hydrocarbons  for  change  in  volume,  we 
obtain  undecomposed — 


I. 

IL 

III. 

12-00 

10-81 

6-92 

The  ethylene  used  contained  96*75  per  cent,  of  unsaturated  hydro- 
carbons, therefore  the  amoant  decomposed  is — 


I. 

II. 

III. 

84-75 

86-94 

90-83 

Taming  now  to  the  experiments  made  with  the  large  tube  and 
40  c.c.  a  minute  rate  of  flow,  we  find  that  the  percentage  of  ethylene 
decomposed  was — 


I. 

1  iocli. 

II. 

6  inches. 

III. 
12  inches. 

50-58 

63-17 

75-16calctd.  | 

1 

an  increase  of  decomposition  with  the  small  tube  amounting  to  the 
following  percentages : — 


1 

I. 

II. 

1 
III. 

1 

33-93 

1 

22*48 

15*48 

showing  that  the  maximum  increase  of  34  per  cent,  rapidly  falls  with 
increased  length  of  flow,  whilst  the  ratio  of  area  of  heated  surface  to 
the  passing  gas  is  43*96/7*85,  or  5*6  times  as  great  in  the  small  tube 
as  in  the  large,  yet  only  gives  an  increase  of  one-third  at  most  in  the 
decomposition. 
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From  the  results  of  these  experiments  it  may  be  stated  that — 

1.  The  initial  decomposition  of  ethylene  by  heat  is  very  rapid,  and 

requires  but  a  short  flow  through  a  heated  containing  vessel, 
such  primary  decomposition,  however,  being  but  slowly  com- 
pleted, owing  to  secondary  reactions,  which  tend  to  re-form 
ethylene. 

2.  Dilution  has  but  little  efPect  in  retarding  the  decomposition  of 

ethylene,  unless  it  be  very  large. 

3.  Increase  in  rate  of  flow  diminishes  the  amount  of  decomposition 

when  the  heated  area  is  small,  but  rapidly  diminishes  in 
effect  as  the  length  of  flow  through  a  heated  area  increases. 

4.  The  decomposition  of  ethylene  is  chiefly  caused  by  radiant  heat, 

the  effect  of  which  is  Yery  great  as  compared  with  the  decom- 
position due  to  contact  with  heated  surfaces. 

I  desire  to  acknowledge  the  valuable  aid  given  mo  by  Mr.  F.  B. 
Grundy  in  this  investigation. 


III.  *'  On  the  Measurement  of  Prefisures  by  the  Crusher-Gauge."^ 
By  W.  Kellner  and  W.  H.  Deering.  Communicated  by 
Dr.  W.  Anderson,  F.R.S.    Received  January  21,  1895. 

The  object  of  the  experiments,  the  results  of  which  are  given  in 
this  paper,  was  to  compare  the  indication  of  pressure  (produced  by 
the  firing  in  a  closed  vessel  of  a  gunpowder)  by  the  crusher-gauge 
with  a  simultaneous  estimation  of  the  same  pressure  by  another  and 
simple  method.  This  latter  consisted  in  ascertaining  the  weight 
which  was  equal  to  the  maximum  pressure  of  the  gases  of  the  fired 
cordite  (the  smokeless  gunpowder  used  in  these  experiments)  acting 
on  a  valve  closing  gas-tight  an  opening  in  the  explosion- vessel  of 
area  small  enough  to  allow  of  the  use  of  weights  of  manageable 
amount,  not  so  small  a  fraction  of  the  unit  of  surface  (1  sq.  in.^ 
as  to  have  to  use  a  veiy  large  multiplier.  Within  the  explosion- 
vessel,  on  the  top  of  which  were  the  valve  and  weights,  was  placed 
the  crusher-gauge, I  the  filing  of  the  charge  of  cordite  giving  the 
two  indications  of  pressure.  In  the  "  weights  "  method,  a  series  of 
short  steps  was  taken,  weights  in  excess  of  that  required  being 
placed  on  the  valve,  the  cordite  fired,  and  it  being  observed  whether 
the  gases  of  explosion  were  blown  out  of,  or  kept  in,  the  vessel. 
The  amount  of  compression  of  the  copper-crusher  was  then 
measured,  and  the]f  corresponding  pressure  ascertained  from  the- 
existing  tables.  In  the  next  experiment  the  weights  were  lightened, 
and  so  on,  until  the  gas  blew  out  of  the  vessel,  the  mean  of  tha 
pressure  at  the  blow-out  point  and  of  that  in  the  last  experiment  ixk 
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wliich  the  gas  was  kept  in  the  vessel  being  taken  as  the  pressure 
required.  A  pressure  bj  copper-crusher  was  taken  in  each  experi* 
ment  made,  and  the  mean  of  the  series  taken ;  the  compression  of 
the  crusher  was  the  same  in  the  experiments  of  a  series,  whether 
the  gases  blew  out  of,  or  were  kept  in,  the  explosion-vessel,  the 
weights  apparently  not  being  raised  before  the  compression  of  the 
copper  had  come  to  an  end. 

It  may  be  not  superfluous  to  mention  that  the  copper-crusher  is  a 
small  cylinder  of  copper,  before  compression  0*5  in.  long  and 
0*326  in.  in  diameter,  one  end  of  which  rests  on  the  base  of  a  steel 
case  in  which  it  is  contained,  the  other  end  being  in  contact  with  one 
end  of  a  movable  piston  of  0*461  in.  diameter  (^  sq.  in.  section),  on  the 
other  end  of  which  the  gases  exert  their  pressure ;  suitable  provision 
is  made  to  prevent  entrance  of  gas  to  the  gauge-case,  and  to  hold 
the  copper-crusher  in  position  while  allowing  room  for  its  widening 
in  the  middle  by  compression.  The  coppers  are  used  previously 
pressed  to  about  a  ton  short  of  the  pressure  to  be  measured. 

Bumford,  in  1797,  used  a  "  weights  "  method  to  ascertain  the  rela- 
tion existing  between  the  pressure  produced  by  a  fired  gunpowder 

and  the  density  of  the  charge  /     weight  of  gnnpowder    \     ^^  ^^,^ 

\volume  of  explosion- vessel/ 
charges  of  gunpowder  from  1  to  18  grains  in  weight,  density  of 
charge  varied  from  0*04  to  0*76,  and  the  pressures  measured  were 
consequently  very  high ;  the  weight  jast  lifted  by  the  pressure  of  the 
powder  gases  was  found  by  a  series  of  trials. 

Bunsen  also  (*  Gasometrische  Methoden ')  used  the  same  method, 
of  course  very  much  altered  in  details,  to  ascertain  the  pressures 
produced  by  the  combustion  of  some  gases  in  oxygen ;  the  gaseous 
mixtures  were  at  1  atmos.  pressure,  the  increase  of  pressure  pro-^ 
duced  on  firing  the  mixtui^es  was  at  highest  about  10  atmos.  (about 
iV  ton  per  sq.  in.). 

In  our  experiments,  the  gases  of  the  fired  explosive  served  only  as 
a  medium  for  comparing  the  two  methods  of  estimating  pressure,  so 
that  the  question  of  any  lowering  of  temperature  by  heating  of  the 
explosion-vessel  did  not  come  into  consideration. 

This  direct  experimental  method  of  checking  the  crusher-gauge 
judications  is  preferable  to  calculation  of  pressure  from  the  ascer- 
tained amounts  of  permanent  gases,  water,  and  quantity  of  heat 
produced  at  the  pressures  in  question,  because  the  calculation  requires 
knowledge  of  the  specific  heat  of  the  gases  of  combustion  at  (in  the 
-case  of  cordite)  about  3000^  C,  and  although  there  is  valuable 
information  on  the  subject,  it  is  scarcely  sufficiently  accurate  for  this 
application  of  it.  Again,  the  compression  of  the  copper-crusher 
measures  the  maximum  pressure  of  the  gases,  when  (at  the  tempera- 
ture mentioned)  some  dissociation  of  carbonic  acid  would  occur  (or 
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rather  some  oxygen  and  carbonic  oxide  wonld  co-exist),  while  the 
quantity  of  heat  is  measured  in  the  cooled-down  gases  when  all 
oxygen  and  carbonic  oxide  have  combined ;  here,  also,  it  wonld  not 
be  practicable  with  existing  information  to  make  an  accurate  allow- 
ance for  difference  of  heat-quantity  under  the  conditions  of  the 
experiment.  Further,  in  calculating  the  pressure  of  the  gases  from 
their  calculated  temperature,  it  is  assumed  that  their  coefficients  of 
expansion  which  were  determined  for  0°  to  lOO*'  C.  are  yalid  at 
3000°  C.  (At  0°,  air  is  only  about  190°  above,  and  water  is  100^ 
below,  its  boiling  temperature.) 

If  temperature  were  independently  known,  the  drawbacks  just 
mentioned  in  the  use  of  the  coefficient  of  expansion,  and  of  the 
volume  of  gases,  still  apply  to  the  calculation  of  pressure;  and^ 
conversely,  to  the  frequent  case  of  calculating  temperature  from 
ascertained  pressure. 

The  steel  explosion- vessels  used  in  our  experiments  were  of  about 
120  c.c.  capacity;  they  were  closed  by  screw  stoppers  of  about 
4  ins.  total  length  (the  screw  portion  about  1^  ins.  long),  the  end  of 
which  was  screwed  down  to  gas-tight  contact  with  the  circular  seat* 
ing  forming  the  mouth  of  the  explosion-chamber.  The  stoppers  had 
a  square  head  at  starting  2  ins.  long ;  the  whole  stopper  was  per- 
forated axially  with  a  cylindrical  hole  ^  in.  in  diameter.  The  mouth 
of  the  hole  in  the  stopper  was  closed  by  a  steel  ball  of  ^  in.  in  diameter 
(which  formed  the  valve),  a  ball  such  as  is  used  for  ball-bearings ;  on 
the  ball  a  1-in.  thick  iron  plate,  about  15  ins.  by  15  ins.,  was  placed 
(the  centre  of  the  plate  beiug  perforated  by  a  cylindrical  hole  |^  in.  in 
diameter,  resting  on  the  top  of  the  ball),  and  on  the  plate  the  weights. 
The  latter  consisted  of  lead  cylinders,  weighing  about  5  cwt.  and 
8  cwt.  respectively  (diameters  14  ins.  and  12  ins.)  ;  of  the  former,  at 
the  most  three  (placed  on  top  of  each  other),  and  of  the  latter,  two, 
were  used.  The  weight  was  made  up  with  half -hundredweights  and 
Smaller  weights  placed  on  the  top  of  the  upper  lead-cylinder ;  all  the 
weights,  lead-cylinders,  iron  plate,  and  iron  rod,  were  weighed  at  the 
beginning  and  end  of  the  experiments  by  standard  weights. 

The  explosion- vessels  had  externally  a  collar  and  a  hexagonal  por- 
tion fitting  into  a  hexagonal  hole  in  an  iron  plate,  which  was  screwed 
to  a  balk  of  timber,  held  in  place  by  weights  ;  this  held  the  explosion- 
vessel  while  the  screw-stopper  was  hammered  down,  and  formed  the 
base  of  the  apparatus.  The  lead  cylinders  had  an  axial  cylindrical 
hole  to  their  centre;  in  the  hole  of  the  top  cylinder  an  iron  rod 
(about  1  in.  diameter,  4  ft.  long)  was  placed,  the  upper  end  of  the 
rod  passing  loosely  through  a  hole  in  a  cross-beam  kept  in  position 
by  iron  uprights  on  either  side  of  the  base  of  the  apparatus.  The 
weights  were  carefully  balanced,  so  that  pressure  of  iron  rod  against 
cross-beam  was  reduced  to  an  inconsiderable  amount.      The  lead 
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cylinders  were  readily  placed  in  position  on  the  iron  plate  (held  hori* 
zontal  by  wedges  nntil  cylinders  and  weights  were  in  position)  by 
means  of  a  movable  crane. 

The  firing  of  the  cordite  charge  was  effected  by  means  of  a  wire- 
bridge  heated  to  redness  by  an  electric  current ;  on  the  centre  of  the 
wire-bridge  a  small  piece  of  the  cordite  was  firmly  hung.  One  end 
of  the  wire-bridge  was  soldered  to  the  end  of  a  steel  pin  forming  part 
of  the  stopper,  the  other  end  was  soldered  to  the  end  of  a  steel  wire 
of  yV  ^*  diameter  cemented  by  a  suitable  resinons  cement  in  a  hole  of 
•^  in.  diameter  passing  through  the  length  of  the  stopper.  By 
reducing  the  area  of  the  insulated  wire  to  this  small  amount,  the 
cement  held  the  wire  gas-tight  against  the  highest  pressure  (16  tons 
per  sq.  in.)  employed.  In  the  14-ton  and  16-ton  experiments,  the 
stopper  was  cooled  by  a  little  ice  placed  on  its  upper  surface,  to  pre- 
vent softening  of  the  cement. 

The  area  of  the  mouth  of  the  hole  in  the  stopper  was  measured  by 
means  of  a  microscope  with  a  cross-wire,  the  microscope  moving 
horizontally  on  a  graduated  scale  and  carrying  a  vernier.  The  pres- 
sure of  the  weights  on  the  steel  ball  and  stopper  slightly  bevels  the 
mouth  of  the  latter  ;  at  the  commencement  of  a  series  of  experiments, 
weights  to  about  the  maximum  amount  to  be  used  were  placed  on  the 
steel  ball,  and  four  diameters  of  the  inner  and  lower  circle  of  the 
bevelled  contact-ring  were  then  measured  with  the  microscope- 
vernier.  The  area  was  re-measured  in  the  course  of  several  of  the 
series,  and  found  to  be  unchanged. 

One  hundred  and  twenty-six  experiments  in  all  were  made ;  a  few 
of  these  were  lost  by  the  weight  required  having  been  under-estimated 
and  the  gases  blowing  out  on  the  first  experiment  of  a  series  being 
made.  A  few  of  them  also  were  lost  by  the  blowing  out  of  the 
insulated  wire,  or  by  other  causes.  The  remainder  form  twenty-seven 
series  (a  series  consisting  of  at  least  two  experiments :  in  one  of  which 
the  gases  were  kept  in,  and  were  blown  out  in  the  following  one), 
the  results  (viz.,  the  mean  of  the  last  two  experiments)  of  which  are 
given  below.  Eight  series  consisted  of  two  experiments,  two  of 
three,  six  of  four,  three  of  five,  six  of  six,  one  of  seven,  one  of  eight. 

The  gases  were  either  wholly  kept  in,  or  wholly  blown  out  of,  the 
explosion  vessel.  In  the  former  case  there  was  no  report  and  no 
damage  to  the  steel  ball,  which  could  be  used  for  all  the  experiments 
of  a  series ;  in  the  latter  case  there  was  a  loud  report,  and  the  mouth 
of  the  hole  in  the  stopper  was  slightly  injured  (the  steel  being  melted 
and  blown  away  by  the  gases),  and  a  ring  melted  in  the  steel  ball. 
A  new  steel  ball  was,  of  course,  used  for  each  series  of  experiments. 
For  the  experiments  at  the  lower  pressures  of  5  and  6  tons,  the  hole 
in  the  stopper  was  (after  damage  by  the  blown-out  gases)  enlarged 
at  the  top  (to  a  depth  of  ^  in.)  to  0*35  in.,  and  subsequently  to  0*40  ixL 
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diameter,  thus  affording  a  cHeck  by  varying  area.  For  the  13-  and 
16-ton  experiments,  the  0'25-in.  hole  only  was  nsed,  as  the  weights 
required  for  the  larger  holes  would  have  been  unmanageable  with  the 
means  available  at  the  time ;  in  this  case,  when  damage  to  the  mouth 
of  the  hole  in  the  stopper  occurred  by  the  blowing  out  of  the  gases, 
the  head  of  the  stopper  was  only  planed  down. 

The  amoants  by  which  the  weights  were  lightened  in  the  last  (and 
usually  in  each)  experiment  of  a  series  was  the  following : — 

16  tons. 
8  series. 

5  tons.  6  tons.        13  tons.      / * s 

1  series.        4  series.        2  series.        5  series.        3  series. 
0'25-ineh  f      22  lbs.  14  lbs.  28  lbs.  28  lbs.  56  lbs. 


leh  r      22 


bole,      t  "  0*2  ton    =  013  ton  «  0*26  ton  -  0*26  ton  -  0*52  ton  per  sq.  in. 

6  tons. 
6  series. 

6  tons,     f * ^ 

1  series.        1  series.       1  series.        4  series. 
0-354nchr     56  lbs.  56  lbs.  28  lbs.  14  lbs. 

hole.     \  =  0-26  ton  «  027  ton  =  013  ton  =  0*06  ton  per  sq.  in. 

5  tons.  6  tons. 

1  serif-B.        4  series. 
0'40-inch  f      66  lbs.  28  lbs. 

hole.     \  B  0*2  ton  —  0*1  ton  per  sq.  inch. 

The  weight-differences  are,  of  course,  calculated  into  tons  per 
square  inch  on  the  vMOiured  areas  of  the  holes,  the  diameters  f 
which  differed  slightly  from  0*25  in.,  &c.  As  mentioned  above,  half 
the  weight-difference  (the  mean  of  the  last  two  experiments  of  a 
series)  is  taken  for  the  end  result. 

The  following  were  the  results  obtained  : — 
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The  pressure  by  weights  was  invariably  higher  than  by  crusher  ; 
at  5  tons  (by  cmsher)  the  difference  was  about  11  per  cent.,  at  6  tons 
abont  9  per  cent.,  at  13  tons  about  11  per  cent.,  at  16  tons  about 
16  per  cent.  At  5,  6,  and  13  tons  there  is  nsnally  (but  not  always) 
less  difference  between  the  individual  pressures  by  crusher  given 
above  than  between  the  weights  pressures;  at  16  tons  there  is 
decidedly  greater  regularity  in  the  cmsher  results  than  in  those  by 
weights;  the  crusher  pressures  are,  however,  the  means  of  series, 
which  favours  them  somewhat. 
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March  14, 1895. 

The  LORD  KELVIN,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  Croonian  Lecture  was  delivered  as  follows : — 

Croonian  Lecture. — "On  the  Nature  of  Muscular  Contrao- 
tion."  By  Th.  W.  Engelmann,  Professor  of  Physiology 
in  the  University  of  Utrecht.  Received  February  25, 
1895. 

I  beg  your  kind  attention  for  a  few  moments  to  some  observations 
and  considerations  on  the  nature  of  muscular  contraction.  Besides  its 
general  biological  interest,  the  subject  may  claim  a  particular  interest 
for  the  members  of  this  Society,  for  the  venerable  institution  of  these 
Croonian  Lectures  id  especially  devoted  to  the  furtherance  of  the 
study  of  muscular  life,  and,  moreover,  the  Royal  Society  has,  through 
its  Fellows,  from  Robert  Hooke  down  to  our  friend  Professor  Schafer, 
prodaced  numerous  researches  on  muscular  structure  and  action  which 
may  be  said  to  belong  to  the  most  valuable  part  of  our  scientific 
property. 

It  will  not  be  my  task  to  recall  co  your  mind  all  those  eminent 
Fellows  of  this  Society  who  have  helped  us  to  get  a  clearer  insight 
into  this  subject,  yet  I  cannot  refrain  from  reminding  you  of  one  of 
these  men,  whp  is  honoured  throughout  the  whole  world  as  one  of 
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the  founders  of  onr  present  doctrine  of  muscular  structure  and 
action — ^a  man  whose  name  will  live  on,  in  my  home  in  Holland,  of  all 
countries,  associated  with  the  memory  of  his  great  brotherly  friend, 
Bonders,  and  whom,  to  my  great  grief,  I  may  see  here  no  more — I 
mean  Sir  William  Bowman. 

But  a  few  years  ago  I  had  the  happiness  of  seeing  him  in  Utrecht, 
and  of  observing  how  the  interest  which  he  took  in  a  province  of 
science  in  which  he  had  gained  his  first  laurels  remained  unchanged, 
even  after  the  lapse  of  half  a  century.  To  behold  him  among  this 
audience  would  have  been  my  greatest  joy  and  pride,  and  his  judgment 
would,  in  my  eyes,  have  been  invaluable.  May  that  which  I  am  now 
^oiug  to  say  be  commended  to  you  at  the  same  time  as  homage  paid 
to  the  memory  of  the  discoverer  of  the  sarcous  elements  and  of  the 
waves  of  contraction. 

The  subject  of  my  lecture  is  an  inquiry  into  "  The  Nature  of 
Muscular  Contraction."  Like  all  vital  phenomena,  muscular  con- 
traction is  a  most  complicated  process,  composed  of  mechanical, 
•chemical,  thermal,  and  electrical  changes  in  living  matter.  Hence 
it  will  be  our  task  to  become  acquainted  with  these  changes  as  com- 
pletely and  exactly  as  possible,  and  to  ascertain  their  causal  con- 
nection. Our  inquiry  must  not  be  restricted  to  one  special  kind  of 
muscle  :  it  will  have  to  extend  to  all  the  different  forms,  the  highest 
as  well  as  the  lowest — muscles  in  every  stage  of  development,  muscles 
•either  sound  or  unsound, — for  there  can  be  no  doubt  but  that  in  all 
these  cases  the  principle  of  activity  is  the  same.  Nay,  it  will  be  necessary 
to  deal  even  with  the  other  phenomena  of  so-called  contractility,  such 
as  protoplasmic  and  ciliary  motion,  for  all  those  different  types  of 
organic  movement,  however  much  they  may  differ  from  each  other  in 
details,  are  yet  connected  by  states  of  gradual  transition,  so  that,  to 
all  appearance,  one  principle  of  motion,  essentially  the  same,  is 
applicable  to  all  of  them. 

Only  such  properties  and  processes  as  all  contractile  structures 
have  in  common  will  consequently  have  a  right  to  be  considered 
•essential  to  the  process  of  contraction,  and  only  such  will  be  allowed 
to  form  the  basis  of  our  endeavours  to  explain  muscular  motion. 

The  general  mechanical  principle  on  which  muscular  contraction 
is  based,  will  apparently  be  discovered  when  we  shall  have  ascer- 
tained in  what  way  the  power  of  shortening  proceeds  from  the 
potential  chemical  energy  which  disappears  upon  stimulation  of  the 
muscle.  There  can  be  no  doubt  as  to  the  fact,  that  the  potential 
chemical  energy  of  the  component  parts  of  muscular  substance  is 
alone  the  ultimate  source  of  this  power,  for  the  existence  of  any  other 
source  cannot  be  proved. 

The  quantity  of  energy  which  is  imparted  to  the  muscle  by  the 
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stimulus  is  too  small  to  be  taken  into  consideration.  The  early 
opinion  that  the  power  reqnired  for  contraction  was  imparted  to  the 
mnscle  through  the  medium  of  motor  nerves,  was  refuted  bj  experi- 
ments, such  as,  e.g.,  those  on  the  persistence  of  contractility  after 
degeneration  of  the  motor  nerves,  and  on  the  effects  of  direct  artificial 
stimulation  of  the  mnscles ;  and  it  had  even  been  refnted  long  ere 
the  law  of  conservation  of  energy  had  thrown  its  light  on  the  mntaal 
connexion  between  the  phenomena  of  the  living  organs. 

This  law  teaches  that  all  the  actnal  energy  which  appears  in  the 
mnscle  in  consequence  of  stimulation,  must  originate  in  an  equivalent 
quantity  of  some  other  form  of  energy. 

Now  this  form  of  energy  is,  in  fact,  given  in  the  mnscular  substance 
liable  to  physiological  combustion.  The  quantity  of  the  latter  is  not 
only  theoretically  sufficient  to  produce  that  actual  energy,  but  it  has 
even  been  proved  experimentally  that  during  contraction  the 
material  gives  rise  to  combinations,  such  as  carbonic  acid,  in  the 
development  of  which  potential  chemical  energy  must  have  passed 
into  other  forms  of  energy.  So  far  as  the  phenomena  have  been 
examined  quantitatively ,  they  confirm  the  conclusion  that  all  muscular 
force  must  be  derived  from  chemical  energy. 

Hence  there  is  no  difference  about  all  these  points.  But  with  this 
result  we  have  as  yet  gained  only  a  basis  for  the  proper  solution.  As 
soon  as  you  inquire  in  what  way,  by  what  transformations,  does  the 
mechanical  force  of  contraction  arise  from  chemical  energy,  diffi- 
culties and  differences  of  opinion  begin  to  present  themselves. 

A  gr6at  many  physiologists  hold,  with  Pfliiger,  Fick,  and  Chauveau, 
that  muscular  force  is  a  direct  manifestation  of  chemical  attraction  ; 
others,  e.g.^  Solvay,  think  that  it  is  produced  through  the  medium  of 
electricity;  others  again,  folio  wiug  J.  R.  Mayer,  believe  that  the  muscle 
is  a  thermodynamic  machine,  not  unlike  our  calono  or  steam  engines. 

The  Chemiodynamic  Hypothesis. — The  first  hypothesis,  according  to 
which  contraction  of  muscle  is  a  direct  manifestation  of  chemical 
attraction — we  may  call  it  the  chemiodynamic  hypothesis — has  to 
assume  that  the  molecules,  on  the  chemical  combination. of  which  this 
contraction  is  based,  are  regularly  arranged  within  the  contractile 
substance  in  such  a  way  that  they  necessarily  approach  each  other, 
during  that  combination,  in  the  direction  of  the  axis  of  the  mnscular 
fibres. 

I  think  that  this  hypothesis  of  the  identity  of  chemical  attraction 
and  muscular  force  meets  with  a  fundamental  difficulty  in  the  fact 
that,  in  a  single  contraction,  only  a  relatively  infinitesimal  part  of  the 
muscular  substance  is  chemically  active.  70  to  80  per  cent,  of  the 
muscle  (and  even  more)  consists  of  imbibed  water,  the  rest  contains 
substances  (albumin,  salts,  Ac.)  which,  for  the  greater  part,  so  far  as 
can  be  proved,  are  not  chemically  concerned  in  the  contraction. 
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This  qnantitative  composition  and  this  minnte  consumption  of  the 
active  muscle  compel  ns  to  assume  that  relatively  only  very  few 
molecules  of  the  muscular  substance  can  be  considered  as  sources  of 
energy,  and  of  these  again  it  is  generally  but  a  small  part  that  at 
a  certain  moment  perform  their  function.  How  else  were  it  possible 
for  a  severed  bloodless  muscle  to  continue  to  carry  out,  without  any 
perceptible  decrease  of  weight,  many  thousands  of  contractions,  and 
how  else  could  a  frog's  heart,  isolated  and  all  but  bloodless,  beat  on 
for  days  together,  with  a  nearly  constant  frequency  and  'cut  slowly 
sinking  power  ? 

With  certain  presuppositions  we  may  compute  the  quantity  of 
matter  through  the  chemical  action  of  which  the  amount  of  actual 
energy,  produced  at  a  certain  contraction,  must  have  been  generated. 

If  we  prevent  a  muscle  from  doing  external  work  during  the 
contraction,  the  whole  actual  energy  will  present  itself  in  the  shape 
of  heat.  When  there  is  but  a  slight  contraction,  the  muscle  of  a  frog, 
e.^.,  will  grow  warmer  by  about  0'001°  C.  Supposing  the  specific 
heat  of  the  muscle  to  bo  equal  to  that  of  water  (in  fact  it  is  less), 
we  find  that  to  produce  a  rise  of  0*001^  C.  in  temperature  a  quantity 
of  heat  of  0*001  cal.  is  required  for  each  gram  of  muscle.  No  matter 
whether  this  quantity  of  heat  results  from  combustion  of  carbo- 
hydrates, fats,  or  albuminous  matter,  it  can  be  but  an  infinit- 
esimal part  of  the  muscular  substance  that  produced  it.  If,  e.^., 
as  is  ordinarily  supposed,  the  combustion  of  a  carbohydrate  into 
GOa  and  H3O  produced  that  heat,  taking  the  heat  of  oombustion  of 
one  gram  of  carbohydrate  to  be  broadly  4000  cal.,  no  more  than  a 
four  thousandth  part  of  a  milligram  will  have  been  consumed  in  each 
gram  of  the  muscle.  Hence  only  about  a  four  millionth  part  of  the 
muscular  substance  could  have  been  the  source  of  the  actual  energy, 
set  free  by  the  stimulus,  and  have  served  at  the  same  time,  according 
to  the  above  hypothesis,  as  the  seat  of  direct  attraction. 

But  whatever  may  be  our  conception  of  the  size,  form,  position, 
and  sphere  of  action  of  this  four  millionth  part  with  regard  to  the  rest 
of  the  soft,  watery  mass,  only  passively  moved,  I  fail  to  understand 
how,  through  direct  chemical  attraction,  this  one  particle  should  set  all 
those  other  four  million  parts,  less  one,  moved,  as  in  fact  it  does. 

We  must  not  forget  that  we  have  to  deal  with  enormous  changes 
of  form.  Muscles  of  insects  are  sometimes  shortened  by  local 
contraction  to  one  twentieth  of  their  length  during  rest.  The 
myopodia  of  Acanthocystis  can  be  reduced  to  a  fiftieth  part  of  their 
length  by  the  action  of  even  a  weak  stimulus  ;  in  this  case  an 
extremely  long,  thin  fibre  is  in  a  moment  changed  into  a  short 
cylinder,  about  as  broad  as  it  is  long. 

That  this  can  ever  be  brought  about  by  direct  chemical  attraction, 
seeing  that  but  a  relatively  infinitesimal  part  of  the  soft  watery  sub- 
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fitance  of  the  fibre  is  the  seat  of  this  chemical  attraction,  seems  to  me 
difficult  to  understand,  even  if  we  assnme — ^as  I  believe  we  must  do 
— that  the  number  of  the  chemically  active  molecules  is,  even  in  the 
smallest  visible  particle,  so  large  that  the  distances  which  separate 
them  from  each  other  and  from  the  passively  moving  molecules  lying 
between  them,  fall  within  the  limits  in  which  molecular  mechanical 
influence  can  be  exercised. 

The  adherents  of  the  chemio-dynamio  hypothesis  have  not  as  yet 
answered  this  objection.  And  since  they  can  give  but  an  unsatisfactory 
account  or  no  account  at  all  of  many  other  facts  (I  will  refer  to  some  of 
these  facts  further  on),  we  may  be  allowed  to  cast  about  for  some 
other  explanation. 

The  Electrodynamtc  Hypothesis, — Since  Gralvani's^  discoveries  the 
electric  phenomena  of  the  muscles  have  frequently  been  suspected 
to  contain  the  solution  of  our  problem.  And  indeed,  it  is  not  so  very 
difficult  to  mention  a  series  of  facts  which  seem  to  bear  out  the 
suggestion  that  the  mechanical  work  done  by  the  muscle  may  be 
ci*eated  from  chemical  energy  through  the  medium  of  electric  forces. 

There  is,  in  the  first  place,  the  fact  that  muscles,  when  in  action, 
produce  regular  electric  efEects.  These  effects  are  indeed  the  first 
phenomena  we  can  observe  after  the  stimulation.  They  seem  to  begin 
at  the  very  moment  of  stimulation,  shortly  before  the  contraction ; 
hence  they  might  in  so  far  be  the  cause  of  the  mechanical  process. 

Moreover,  the  value  of  the  electromotive  force,  as  du  Bois-Reymond 
proved,  is  very  high,  and  in  the  active  particles  is  probably  much 
higher  than  the  force  of  the  currents  we  can  derive  from  the  surface 
of  the  muscle. 

Add  to  this  that  the  economic  coefficient  of  the  muscle  may  attain, 
just  as  in  the  case  of  electric  motors,  a  considerable  proportion.  As 
much  as  25  per  cent,  and  more  of  the  potential  energy  which  has  been 
consumed  may  be  transformed  into  mechanical  work. 

However,  there  are  weighty  objections  to  this  hypothesis  also.  In 
the  first  place,  there  is  the  fact  that  these  very  same  electromotive 
forces,  of  equal  intensity  and  direction,  appear,  under  the  same  influ- 
ences, not  only  in  the  muscles,  but  also  in  nerves,  glands,  and  other 
organs,  which  do  not  possess  the  least  contractility.  Then  there  is  the 
important  discovery  of  Biedermann,  that  the  contractility  of  muscles 
may  be  completely  neutralized  by  water  or  ether  vapour,  without 
doing  any  perceptible  harm  to  the  electromotor  phenomena. 

In  the  same  way  the  development  of  the  electric  organs  supplies  ub 
with  important  proofs  of  the  independence  of  the  electric  and  the 
mechanical  processes.  In  most  cases  these  organs  are  developed  out 
of  striped  muscular  fibres.  Now,  in  this  process  of  development, 
contractility  is  gradually  lost,  whereas  the  power  of  producing 
electrical  efiects  attains  a  yet  higher  degree  of  perfection. 
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The  Thermodyiiamic  Hypothesis, — More  probable  than  the  chemical 
and  the  electrical  hypothesis  may  be  deemed  a  saggestion,  first 
pat  forward  by  Jnl.  Bob.  Mayer,  though  in  an  nntenable  form, 
according  to  which  the  muscle  is  a  thermodynamic  machine.  Physio- 
logists, however,  generally  object  that  this  view  is  not  compatible 
with  the  second  law  of  the  theory  of  heat,  for  we  cannot  expect 
differences  in  temperature  in  the  muscle  so  great  as  this  law  requires 
they  should  be. 

Now  I  think  that,  on  the  contrary,  we  must  assume  exceedingly 
large  differences  of  temperature  in  the  stimulated  muscle.  What 
holds  good  of  the  whole  body  holds  good  of  the  muscle  also ;  the 
temperature,  measured  with  our  instruments,  is  but  an  arithmetical 
average,  ^comjyrising  an  infinite  number  of  different  temperatures, 
pertaining  to  an  infinite  number  of  different  points  "  (Pfltiger). 

From  the  fact  that  at  the  contraction  an  infinitesimal  part  only  of 
the  muscular  mass  is  chemically  active,  we  infer  that  the  temperature 
of  these  particles  must,  at  the  moment  of  combustion,  be  an 
uncommonly  high  one.  Great  as  the  specific  heat  of  muscular 
substance  is,  it  would  otherwise  be  impossible  to  account  for  a  rise 
in  the  temperature  of  the  whole  mass  even  of  0*001^  G.  only.  Without 
any  exaggeration  we  may  assume  that  the  temperature  of  the 
chemically  active  particles  may,  at  the  moment  of  combination,  exceed 
the  average  muscular  temperature  by  hundreds  of  degrees. 

Since  each  thermogenic  particle  is  surrounded  by  a  relatively 
enormous  cool  mass,  conducting  heat  and  diathermanous,  the  prin- 
cipal condition  for  the  transformation  of  heat  into  mechanical  work 
has  been  satisfied,  and,  on  account  of  the  enormous  differences  in 
temperature  which  we  have  to  assume,  in  such  a  high  degree,  that 
even  an  economic  coefficient  of  30  per  cent.,  nay,  50  per  cent.,  and 
even  more,  seems  to  be  theoretically  possible. 

Supposing  we  have  to  deal  with  a  Gamot's  cycle,  the  theoretical 

T  —  T 
maximum  Qo  of  the  mechanical  effect  is  Qo  =  Q  -^= — - ,  where  Q 

stands  for  the  whole  quantity  of  heat,  which  from  the  absolute 
temperature  Ti  is  sinking  down  as  far  as  Tj.  Taking  Ts  =  273^ 
4-  37°  =  310°,  the  mechanical  effect  might  at  Ti  =  410°  amount  to 
25  per  cent.,  when  the  temperature  of  the  active  particles  would 
consequently  exceed  the  average  temperature  of  the  normal  muscle 
by  100°  G.  only. 

The  objection  that  these  high  temperatures  must  necessarily 
destroy  the  life  of  the  muscle,  since  the  latter  becomes  rigid  and  dies 
even  at  50°  G.,  is,  for  the  same  reasons,  of  small  value  only.  For 
it  is  ever  an  infinitesimal  part  only  of  the  muscular  mass  that  is 
exposed  to  these  high  temperatures.  At  a  small  distance  from  these 
furnaces  of  heat  the  temperature  must  have  fallen  so  low  as  to  be 
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harmless.  The  muscle  will  no  more  be  destroyed  by  stimnlation 
than  a  steamship  will  be  destroyed  by  heating  the  furnaces.  The 
material  of  combustion  only  will  be  destroyed ;  the  vessel  as  a  whole 
remains  unharmed. 

Howeyer  likely  it  may  thus  seem  that  nature  should  avail  herself 
of  these  favourable  terms  on  which  mechanical  work  may  result  from 
muscular  heat,  we  have  had  up  to  the  present  time  no  direct  proof  that 
this  is  actually  the  case,  nor  do  we  know  in  what  way  it  takes  place, 
if  in  any.  But  I  venture  to  think  that  the  proof  can  now  be  given, 
inasmuch  as  it  is  possible  to  demonstrate  how,  through  the  medium 
of  peculiar  arrangements  of  the  material  of  the  muscle,  a  transforma- 
tion of  chemical  energy  into  mechanical  work  by  means  of  heat  not 
only  can,  but  actually  must,  be  brought  about.* 

MvscuXar  Structure  in  relation  to  Contractility. 

The  Fibrils  are  the  Seat  of  the  Shortening  Power, — For  this  we  need 
firstly  to  pay  attention  to  the  peculiarities  of  the  microscopical 
structure  of  muscle.  All  muscular  fibres  of  all  animals  are  composed 
chiefly  of  two  parts :  extremely  thin,  long,  albuminous  fibrils,  and  an 
interfibrillar  plasmatic  substance,  the  so-called  sarcoplasm.  The 
quantitative  relations  of  both  vary,  but  the  fibrils  always  occur  in 
great  number,  forming  very  often  the  greatest  part  of  the  whole  mass 
of  the  muscle.  They  always  run  parallel  to  each  other  throughout 
the  length  of  the  fibres. 

This  fibrillar  structure  is  also  presented  by  all  the  other  formed 
contractile  substances,  such  as  the  myonemata  of  Infusoria  and  of 
other  Protozoa,  the  cilia  and  vibrating  membranes  of  cells,  the  tails 
of  spermatozoa^  nay  even,  at  least,  when  not  in  a  state  of  contraction, 
by  the  amoeboid  protoplasm  of  Pelomyxa,  Myxomycetes^  and  other 
forms. 

Direct  microscopical  observation  during  life  teaches  us  that  the 
fibrils,  and  not  the  sarcoplasm,  are  the  seat  of  the  shortening  power. 
The  fibrils  in  a  state  of  relaxation  are  long  and  thin,  and  often  run 
in  winding  curves,  but  grow  short,  thick,  and  straight,  in  conse- 
quence of  stimulation.  The  sarcoplasm  passively  follows  their 
movements.     Moreover,  completely  isolated  fibrils  can  shorten. 

The  Fibrils  are  Coniractile  becaxtse  they  contain  Doubly  Befractive 
Particles, — Thus  the  question  arises:  can  there  be  demonstrated  in 
the  fibrils  arrangements  such  that  by  means  of  them  contractile  force 
may  originate  in  a  thermodynamic  mode  ? 

*  The  empirical  foandationB  of  the  yiews  developed  in  this  lecture  will  be  found 
in  "  Yersuche  iiber  Aenderungen  der  Form  und  der  elastischen  Kr&fte  doppel- 
brechender  Gewebselemente  unter  chemischen  und  thermischen  EinfluBsen,"  in 
the  Appendix  of  my  Memoir :  *  TJeber  den  UrBprung  der  Muskelkraft '  (2te  Auflage. 
Leipzig.    1893.    Pp.  54^80),  and  in  the  literature  eited  in  the  same  i^i^t. 
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Light — Ifix  optimum  reage^ns,  as  Bays  Ballot  said — solves  this  qaes- 
tion  for  ns.  If  we  examine  the  optic  properties  of  contractile  fibril  s» 
with  the  aid  of  the  polarising  microscope,  we  find  that  all  of  them 
are  double-refractive,  with  one  optical  axis  parallel  to'  the  direction 
of  contraction.  This  property,  long  ago  discovered  by  Boeck  in  the 
striated  mnscles  of  the  higher  animals,  has  now  been  proved  to  apper- 
tain to  the  mnscnlar  fibres  of  all  the  animals  examined  for  that  end. 
to  the  contractile  fibrils  of  Protozoa,  e.g.,  to  the  muscle  of  the  stalk 
and  the  myonemata  in  the  subcaticnlar  layer  of  Vorticella,  to  all 
kinds  of  ciliary  apparatus,  and  in  many  cases  to  contractile  proto- 
plasm also. 

This  general  occurrence  of  double-refracting  power  is  the  more 
indicative  of  relations  to  contractility,  since  non-contractile  cells,  as 
a  rule,  lack  double  refraction,  even  where  wo  meet  with  a  fibrillar 
structure,  as  in  the  axis-cylinder  of  a  nerve-fibre. 

Our  conjecture  gains,  I  believe,  a  very  high  degree  of  probability 
by  the  following  series  of  observations,  which  are  the  more  convincing 
since  they  relate  to  quite  different  categories  of  phenomena,  inde- 
pendent of  each  other. 

In  the  first  place,  there  is  the  fact  that  contractility  and  double 
refraction  in  the  course  of  ontogenesis  always  appear  at  the  same  time, 
e,g,j  in  the  heart  of  the  chick  on  the  second  day  of  incubation ;  in  the 
muscles  of  the  trunk  and  skin  on  the  fifth  or  sixth  day;  in  the 
muscles  of  the  tails  of  tadpoles  when  the  length  of  their  body  is 
8  to  4  mm. ;  in  the  musclos  of  the  stalk  of  YorticeUa,  and  in  cilia 
80  soon  as  these  organs  become  visible. 

Other  evidence  seems  to  me  to  be  afforded  by  the  behaviour  of 
the  striated  musdes.  Here  the  fibrils  consist  of  the  doubly-refractive 
sarcous  elements  and  the  singly-refractive  material  which  joins  these, 
the  two  alternating  regularly.  The  two  are  wholly  different  aa 
regards  their  optical,  mechanical,  and  chemical  properties ;  and  these 
properties,  moreover,  during  contraction,  change  in  an  opposite 
way.  Hence  the  functions  of  the  two  must  be  different.  And 
since  the  changes  of  form,  volume,  &c.,  of  the  doubly-refractive 
parts  daring  contraction  prove  that  in  each  case  these  parts  must 
be  the  seat  of  contractile  power,  the  singly-refractive  junctions  wiU 
most  probably  have  another  function.  We  will  come  back  to  these 
changes  further  on. 

A  third  evidence  is  afforded  by  the  observation  that  the  specific 
force  of  contraction  in  different  mnscles  is,  in  general,  greater,  the 
better  developed  the  power  of  double  refraction,  comparison,  of  course, 
in  each  case  being  made  with  parts  of  the  same  thickness. 

In  the  development  of  the  pseudo-electric  organs  of  Raja  out  of 
striated  muscular  fibres,  one  of  the  signs  of  the  incipient  change  of 
stracture  and  function  is  the  vanishing  of  double  refraction  in  the 
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sarcons  elements.  In  an  early  stage  of  development  this  vanishing 
is,  with  Baja  clavata^  the  very  first  and  the  only  sign  that  the  fibre  is 
abont  to  be  transformed  from  a  contractile  into  an  electric  organ.* 

Bnt  particalarly  significant  seems  to  me  to  be  the  behaviour  of  the 
obliquely  striated  muscles  of  Molluscs  and  other  Invertebrata.  Here 
the  doubly  refractive  fibrils  do  not  run  parallel  to  the  axis  of  the 
fibre,  but  describe  spiral  lines  round  it ;  and  during  a  contraction  the 
steepness  of  the  curves  decreases,  so  that  the  angle  formed  by  the 
longitudinal  axis  of  the  fibril  and  the  longitudinal  axis  of  the  fibre 
may  increase  from  5°  in  the  relaxed  state  to  60°,  and  even  more,  in  a 
state  of  powerful  contraction.  But  the  optic  axis  of  the  fibril, 
instead  of  assuming,  in  this  case,  a  more  oblique  position  also,  as 
might  be  expected  on  morphological  grounds,  remains  parallel  to  the 
longitudinal  axis  of  the  fibre,  and  consequently  to  the  direction  of 
shortening  of  the  fibre.  Hence  it  is  not  the  morphological  axis  of  the 
fibrils,  but  the  optical  axis  of  their  doubly  refractive  constituents, 
which  coincides  with  the  direction  of  the  contracting  force. 

OontrctctiUty  a  Oenercd  Property  of  Doubly  Befractive  Bodies. — More 
than  a  score  of  years  ago  I  pointed  out  the  fact  that  even  non-muscular 
elements,  elements  not  possessing  irritability  in  the  physiological 
sense  of  the  word,  nay,  even  lifeless,  unorganised  elements  which  are 
doubly  refractive  and  uniaxial,  may,  under  certain  influences,  contract 
in  the  direction  of  the  optical  axis,  all  thickening  at  one  time,  and 
contracting  with  a  force  and  quickness  and  to  an  extent  rivalling  that 
of  muscles,  if  not  surpassing  it.  Instances  of  this  are  the  fibrils  of 
connective  tissue,  of  the  tendons,  and  of  the  cornea  and  others. 
The  same  contractile  power  was  found  by  von  Ebner  in  a  great  many 
other  doubly  refractive  histological  elements,  nay,  even  in  substances 
capable  of  imbibition  and  thereby  made  doubly  refractive,  e.g.^  dried 
colloid  membranes ;  and  finally  by  Hermann  in  fibrils  of  fibrin. 

I  have  in  this  way  shown  that  singly  refractive,  or  only  feebly 
doubly  refractive  histological  elements,  such  as  fibres  of  elastic 
tissue,  in  the  same  way  as  caoutchouc,  obtain  the  power,  when 
made  doubly  refractive  by  extension,  of  contracting  under  certain 
influences,  and  further  that  the  force  of  shortening  will  generally  be 
greater  in  proportion  to  the  amount  of  the  double  refraction  thus 
artificially  produced. 

Since,  according  to  Mitscherlich's  discovery,  similar  changes  of 
form  may  be  observed  in  doubly  refractive  crystals,  we  have  appa- 
rently to  deal  with  a  property  pertaining  to  all  doubly  refractive 
bodies  as  such. 

Heat  as  a  General  Cause  of  Contraction  of  Doubly  Befractive  Elements, 
— ^Now,  the  influence  which  in  all  these  cases  is  able  to  evoke  the 

*  Til.  W.  £.,  "Die  Bl&ttenchicht  der  electrischen  Organe  Ton  Eaja  in  ihren 
genetischen  BeziehuDgen/'  &c.,  *  Pfliiger's  Archiy,'  Bd.  57, 1894,  p.  149. 
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mechanical  energy  of  shortening  is  elevation  of  temperature.    Cooling 
has  the  opposite  effect. 

Particularly  instructive  is  the  thermal  contraction  of  fibrillar  con- 
nective tissue,  on  account  of  its  similarity  to  muscular  movement, 
even  with  regard  to  details.  This  tissue,  like  ma  sole,  consists  of 
doubly  refractive  fibrils  and  of  an  inter-fibrillar  singly  refractive 
isotropic  substance.  The  fibrils  have  about  the  same  dimensions 
as  muscular  fibrils,  and,  for  the  rest,  show,  in  their  optical  and 
mechanical  behaviour  under  various  influences,  a  great  likeness  to 
muscular  fibrils,  especially  to  the.  doubly-refractive  sarcous  elements. 
In  tendons  and  many  membranes  the  fibrils,  as  well  as  those  of 
most  muscles,  are  arranged  into  bundles,  all,  or  nearly  all,  parallel 
to  each  other.  For  this  reason  such  objects  are  extremely  well  fitted 
for  a  closer  examination  of  the  phenomena  of  movement.  The  most 
suitable  material  I  know  is  furnished  by  the  catgut  string  of  a  violin, 
which  consists  chiefly  of  such  bundles,  running  in  steep  spiral  lines 
round  the  longitudinal  axis  of  the  string.  Such  a  string  is  dis- 
tinguished from  the  greater  number  of  naturally  occurring  objects  by 
its  very  regular  cylindrical  shape  and  its  elasticity.  On  these  pro- 
perties is  based  its  suitability  for  musical  purposes,  especially  for 
the  so-called  "  perfect  fifth  "  ("Quintenreinheit"). 

The  Muscle'Model. — With  the  aid  of  such  a  string  we  can  compoee 
a  model  which  in  a  simple  way  explains  how  in  the  muscle  me- 
chanical energy  of  contraction  may  result  from  heat  without  any 
perceptible  rise  of  the  average  temperature  of  the  muscle. 

The  following  sketch  (fig.  1)  presents  this  model  of  the  muscle  dia- 
grammatically  simplified : — 

A  piece  of  an  E  string  of  a  violin,  about  5  cm.  long  and  previously 
swollen  in  water,  is  fastened  to  the  end,  a,  of  the  short  rigid  arm  of 
a  steel  rod,  a(,  while  the  upper  end  of  the  string  is  fixed  on 
the  shorter  arm  of  the  lever,  JET,  turning  round  the  horizontal  axis,  c. 
To  this  string  differeut  tensions  may  be  imparted  by  weights 
((2,  di),  or  springs,  acting  upon  the  lever,  and  since  the  point  of  appli- 
cation of  the  string  may  be  changed  at  will,  its  contraction,  with  all 
the  conditions  of  isometry,  isotony,  and  auxotony  may  be  examined. 

Bound  the  string,  but  without  touching  it,  runs  for  a  length  of 
about  20  mm.,  and  in  about  twenty  curves,  a  spiral  of  thin  platinum 
wire.  Its  ends  may  be  connected  by  means  of  two  binding-screws 
of  the  ebonite  or  ivory  piece,  /,  with  the  two  wires  coming  from  the 
poles  of  a  Orove  or  Bunsen  battery  of  three  or  more  cells.  The  rod, 
dbf  bearing  lever,  string,  and  spiral  wire,  is  placed  in  a  glass  of 
about  50  C.C.  content,  filled  with  water  of  about  55 — 60*  C,  and  closed 
at  the  top  by  an  ebonite  lid.  Through  an  aperture  in  the  lid,  a 
thermometer  is  placed  in  the  water  in  such  a  position  that  it  will 
remain  at  a  distance  of  about  1  cm.  from  the  spiral  wire. 
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Fio.  1. 


The  Btrin^  is  now  obBerved  for  some  minates  at  a  teoBion  of  25  or 
50  ^rammea,  and  at  a  constant  temperature,  until  no  farther  change  in 
the  poBition  of  the  lever  can  be  diaoerned.  If  we  now  close  for  some 
seconds  the  circuit  of  the  battery  through  the  spiral,  the  lever  rises. 
Upon  opening  the  circuit,  it  faUs.  The  thermometer  in  the  glass  indi- 
cates a  liardly  perceptible  rise  in  temperature,  or  no  rise  at  all. 

We  see  the  do ublj -refractive  string  of  onr  model  corresponds  with 
the  doubly- refractive  muscular  particle,  which  we  suppose  to  be  the 
seat  of  the  force  of  contraction,  and  therefore  may  be  called 
"  inotagma ; "  the  water  in  the  glass  represents  the  watery  isotropic 
substance  round  the  inotagma,  doing  daty  as  refrigerant ;  the  spiral 
wire  supplies  the  place  of  the  chemically  actire  thermogenic  mole- 
cules ;  the  closure  of  the  galvanic  circuit  corresponds  with  the 
process  of  the  stimulation  of  the  muscular  element. 

The  experiment  may  be  simplified  by  heating  in  the  air  a  string 
previously  made  to  swell  by  being  dipped  in  hot  water  and  then 
soaked  in  concentrated  glycerine.  The  movements  will  then  take 
place  more  quickly  on  account  of  the  quicker  heating  and  cooling. 
Moreover,  the  experiment  may  be  repeated  almost  as  often  as  one 
likes.     If  we  fasten  to  the  lever  a  little  melallio  hook,  which  when 
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Bisking  closes  the  oircnit  of  the  spir&l  by  dipping  in  mercaty,  and 
brealcs  it  again  when  rising,  contraction  and  relaxation  of  the  rtring 
will  alternate  regularly  for  hours,  jnst  aa  with  a  beating  heart. 

The  movements  may  be  inscribed  on  a  rotating  cylinder.  We 
then  obtain  carves  of  the  same  character  as  contraction- cnrres  of 
mnscles  (fig.  2). 

Fio.  2. 


1.  Jl  period  of  latent  energy,  the  duration  of  which,  jnst  as  with 
the  muscle,  decreases  with  the  increasing  energy  of  the  stimnlns  (i-e., 
with  the  intensity  and  duration  of  the  electric  oarrent),  with  rising 
temperature  and  with  decreasing  load. 

2.  A  period  of  augmenting  energy,  in  which  contraction  t^es 
place  with  a  rapidity,  first  increasing,  afterwards  diminishing,  the 
contraction  being,  within  certain  limits,  more  rapid  and  larger  in 
extent  the  stronger  the  stimnlation. 

8.  A  period  of  declining  energy,  in  which  the  stiing  relaxes  with  a 
gradually  decreasing  rapidity. 

Farther  Oom-parative  Betearehet  on  th«  Thermal  Contraction  of  Life- 
leu  Doubly  Refractive  Bodiei  and  the  Fkytiologieal  Contraction  of 
Mutde. — The  points  of  resemblance  between  onr  model  and  a  mnscle 
extend  mach  farther  yet,  and  amongst  other  to  peculiarities  which 
seem  to  bear  important  testimony  to  the  identity  of  the  mechanical 
process  in  the  two  cases. 

Snch  a  resemblance  I  find,  in  the  first  place,  in  the  fact  that  the 
strength  of  the  thortening  •power,  developed  by  a  certain  itimulta, 
inoreaeeg  with  the  load  within  certain  limits.  Both  mnscle  and  string 
present  the  paradoxical  phenomenon  that,  under  a  stimulus  of  equal 
energy,  heavier  weights  may  be  lifted  higher  than  lighter  ones. 

Adolf  Fick  firet  detected  this  surprising  fact  in  the  muscles  of 
Anodonia  ;  aad  Rudolf  Heidenhain,  almost  at  the  same  time,  observed 
it  in  the  striated  muscle  of  Vertobrata.  It  has  been  generally  con- 
firmed, and  seems  to  hold  good  for  all  kinds  of  muscles. 

Ifeither  the  chemical  nor  the  electrical  hypothesis  of  the  origin  of 
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mtiscalar  force  can  give  a  8ii£Glcieiit  explanation  of  this  fact.  On  the 
basis  of  onr  theory,  on  the  contrary,  it  can  be  predicted,  because 
every  influence  which  augments  the  doubly-refractive  power  must 
raise  the  power  of  contraction. 

Now,  von  Ebner  has  proved  experimentally  that  the  doubly  refrac- 
tive power  of  tendons  and  also,  between  certain  limits,  of  muscles, 
increases  with  the  load.  The  same  is  the  case  with  fibres  of  elastic 
tissue  and  with  caoutchouc,  and  here  also  the  contractile  power 
increases  with  the  load. 

The  differences  of  force  which  depend  on  the  load  are  by  no  means 
insignificant.  According  to  Fick  the  lifting  heights  for  5,  8,  and 
10  gr.  were,  with  a  muscle  of  Anodonta,  related  to  each  other  as 
8*3  :  10  :  16*3.  With  E  strings,  swollen  in  hot  water,  1  obtained, 
when  heating  them  from  20^  to  80°  0.,  at  an  initial  load  of  5  gr.,  a 
contractile  power  of  but  55  gr. ;  at  a  load  of  50  gr.  one  of  80  gr. ; 
and  at  a  load  of  90  gr.  one  of  about  120  gr. 

For  E  strings  swollen  in  lactic  acid  of  0*25  per  cent,  the  rates  of 
power,  corresponding  with  the  initial  tensions  of  5,  90,  and  125  gr., 
amounted  to  about  100, 125,  and  154  gr.  A  strip  of  elastic  tissue, 
2  mm.  thick,  heated  at  80°  0.,  gave  for  an  initial  tension  of  10  gr.,  at 
which  the  double  refraction  of  fibres  is  just  beginning  to  be  per- 
ceptible, a  power  of  but  61  gr.,  for  100  gr.  one  of  162  gr.,  for 
185  gr.  of  initial  tension,  at  which  double  refraction  is  very  strong, 
one  of  288  gr.  A  strip  of  vulcanised  caoutchouc,  2  mm.  thick, 
which,  unloaded  and  hence  singly  refractive,  did  not,  even  when 
heated  to  100°  0.,  tend  at  all  to  become  shorter,  developed  with  an 
initial  load  of  90  gr.,  put  on  at  20°  0.,  a  contractile  power  of  110  gr. 
at  a  temperatui'C  of  80°  0.,  while  at  the  same  time  a  strong  power  of 
double  refraction  had  been  acquired  by  it. 

Now,  it  is  true,  that  Heidenhain  has  found  that — at  least  in  the 
stimulated  striated  muscles — not  only  mechanical  energy  but  also 
the  development  of  heat  and  the  formation  of  lactic  acid  increase 
together  with  initial  tension.  But,  according  to  his  experiments, 
mechanical  energy  increases  much  more  rapidly  than  does  the  pro- 
duction of  heat.  This  difPerence  at  least  might  be  explained  by  the 
influence  of  extension  on  the  doubly-refractive  power.  An  influence 
of  extension  on  chemical  action  may  very  well  be  associated  with  the 
influence  on  double  refraction,  as  a  consequence  of  the  changes  in  the 
local  arrangement  of  the  thermogenic  particles  which  are  produced 
by  the  extension.  Such  changes  must  be  effected  to  a  considerable 
degree,  even  when  the  shortening  of  the  muscle  is  prevented  by 
resistance  (isometric  contraction  of  Fick),  and  especially  in  the  case 
of  striated  muscles,  to  which  Heidenhain's  statements  refer.  For 
not  only  fibrils,  interfibrillar  substance,  and  sarcolemma,  but  also  the 
singly  and  the  doubly-refractive  portions  of  the  fibrils  difEer  much. 
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in  elasticity.  It  would  be  very  strange  if  these  shiftings  did  not 
manifest  themselves  also  in  changes  of  the  chemical  processes,  and 
if  these  changes  were  not  conformable  to  the  purpose. 

Connected  with  the  point  we  have  just  discussed  is  another  fact, 
viz.,  that  the  amount  of  shortening  produced  in  our  model  by  means 
of  a  given  rise  of  temperature,  is  the  smaller  the  more  the  string 
has  already  contracted.  The  maximum  of  force  is,  at  all  events, 
displayed  when  the  extension  of  the  string  is  brought  about  by  the 
whole  load  being  applied  at  once  at  the  very  beginning  of  the  heating, 
not  after  the  string  has  already  contracted  with  a  smaller  load. 

The  very  same  thing,  as  Schwann's  experiments  showed  many 
years  ago,  holds  good  of  muscle.  On  the  hypothesis  of  chemical 
attraction  we  should  decidedly  expect  the  reverse :  viz.,  increase  of 
force  with  an  increasing  mutual  approach  of  the  combining  molecules ; 
so  also  in  the  same  way  on  every  hypothesis  which  pronounces 
contraction  to  be  caused  by  attractive  powers  increasing  in  inverse 
ratio  to  the  square  of  the  distance. 

In  the  fact  discovered  by  Schwann,  Johannes  Miiller  thought  he 
had  found  a  refutation  of  the  old  electro-dynamic  hypothesis  of 
Provost  and  Dumas,  as  well  as  a  valid  reason  for  assuming  a 
fundamental  relation  between  the  vital  power  of  contraction  and 
physical  elasticity.  . 

However,  as  Hermann  has  observed,  we  might  in  this  case  get 
over  the  difficulty  by  supposing  that  between  or  in  the  length  of  the 
parts  attracting  each  other,  there  are  elastic  layers  opposing  that 
attraction  with  increasing  force.  It  is  evident  that  our  view  of  the 
matter  does  not  require  such  an  auxiliary  hypothesis,  because, 
following  Eduard'i  Weber,  we  regard  muscular  contraction  as  only 
a  special  case  of  elastic  shortening. 

A  closer  experimental  comparison  of  the  changes  undergone,  on  the 
one  hand,  by  the  elasticity  of  our  string  during  thermal  shortening, 
and,  on  the  other,  by  muscular  elasticity  during  physiological 
contraction,  will  teach  us  that,  in  each  case,  those  changes  are  of 
exactly  the  same  kind. 

As  regards  striated  muscles,  it  was  Eduard  Weber  who,  by  hia 
classic  researches,  established  that  their  extensibility  increases  during 
contraction.  The  same  is  now  proved  to  hold  good  of  strings  and 
other  organic  doubly-refractive  substances  during  thermal  shortening. 

The  curve  of  lengthening  of  all  these  objects  inclines  more  sharply 
towards  the  abscissa  of  the  loads  the  higher  the  temperature.  Both 
curves  converge  and  may  finally  even  cross,  i.e.,  a  certain  load  being 
exceeded  we  do  not  get  contraction  of  our  string,  but  lengthening 
as  the  efPect  of  heating. 

This  circumstance  explains  the  fact,  sometimes  observed  by 
E.  Weber,  that  living,  tired,  heavily-loaded  frogs'  muscles,  lengthen 
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instead  of  shorten  as  a  result  of  electric  stimulation.  Considered 
from  other  theoretical  points  of  view,  this  observation  seems  ao 
paradoxical  that  its  very  validity  has  been  questioned  by  some 
physiologists ;  but  in  the  face  of  the  direct  and  exact  measurements 
of  so  scrupulous  an  observer  and  inquirer  as  Eduard  Weber,  we 
have  no  right  to  do  this.  Moreover,  Charles  Bichet  and  de  Yarigny 
have  confirmed  the  observation  with  different  kinds  of  muscles  of 
Invertebrata.  According  to  our  view  of  the  orig^  of  muscxdar  force 
the  fact  is  not  paradoxical  at  all,  but  might  be  foreseen. 

The  decrease  of  the  shortening  power  and  the  increase  of  extensi- 
bility with  increasing  thermal  contraction  is,  in  the  case  of  our  life- 
less doubly-refractive  objects,  accompanied  by  a  decrease  in  the  power 
of  double  refraction.  According  to  von  Ebner's  careful  measurements, 
confirmed  by  Alex.  RoUett,  the  same  thing  is  the  case  with  musdea 
during  vital  contraction.  We  may  consider  this  fact,  too,  as  an 
important  proof  of  the  fundamental  resemblance  between  the  process, 
of  contraction  in  our  model  and  in  the  muscle,  and  at  the  same  time 
as  a  further  evidence  of  the  existence  of  a  causal  relation  between 
double  refraction  and  contractility  in  general.  But  it  is  the  physi- 
cist's task,  and  not  the  physiologist's,  to  penetrate  further  into  the 
relations  between  optic  and  elastic  properties.  The  physiologist  may 
deem  his  purpose  attained  when  he  succeeds  in  tracing  a  certain  vital 
phenomenon  back  to  processes  which  may  also  be  observed  in  lifeless 
bodies. 

However,  though  we  should,  perhaps,  be  inclined  to  infer  from  the 
foregoing  that  we  have  successfully  acquitted  ourselves  of  this  task 
with  regard  to  muscular  contraction,  we  will  be  careful  not  to  over- 
look the  numerous  important  respects  in  which  a  muscle  as  a  living^ 
body,  that  is,  one  subjected  to  constant  chemical  transformation, 
differs  from  our  lifeless  strings.  The  study  of  these  differences  ia 
most  instructive,  since  it  throws  a  new  light  on  a  series  of  processes 
nearly  allied  to  contraction,  especially  on  the  phenomena  of  rigor 
mortis  and  tonus  of  muscle. 

But  before  entering  into  this  we  shall  first  have  to  meet  another 
important  objection  to  our  views.  It  is  based  upon  the  absolute 
amoant  of  muscular  force.  This  amount  may,  as  you  know,  be  very 
high.  Human  muscles  at  the  strongest  tetanic  contraction  can 
shorten  with  a  force  of  about  10  kilogrammes  to  1  sq.  cm.  of  trans- 
verse section.  Now  such  a  force  must,  according  to  our  view,  be 
produced  by  a  very  small  part  only  of  the  transverse  section  of  the 
muscle. 

With  a  maximal  tetanus,  it  is  true,  the  temperature  of  the  whole 
muscle  does  rise  1^  C.  or  more.  Hence  there  are,  perhaps,  1,000  times 
more  particles  chemically  active  than  with  a  moderate  simple  con- 
traction, where  the  temperature  rises  0*001°  C.  only.     Consequently  > 
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during  BQch  a  tetanus,  a  much  greater  part  of  the  mnscnlar  substance 
— perhaps  1,000  times  as  mncb — ^will  be  heated  to  such  a  degree 
as  is  required  for  an  obvioos  contraction  of  the  inotagmata.  Bat 
<eyen  in  this  case  the  greater  part  of  the  whole  substance  will  be  only 
moved  passivelj. 

This  holds  good  also,  though  in  a  less  degree,  of  the  single  fibrils  or 
of  the  single  sarcous  elements,  which,  on  account  of  their  containing 
doubly  refraotive  inotagmata,  we  believe  to  be  the  sole  producers  of 
shortening  power.  For  it  is  beyond  question  that  the  sarcous  elements 
in  toto  are  not  subjected,  even  during  the  strongest  tetanus,  to  a  tem- 
perature so  high  as  is  required  by  our  hypothesis.  Hence  the  specific 
force  of  contraction  of  the  individual  doubly-refractive  elements 
must  be  comparatively  much  greater.  We  cannot  properly  calculate 
how  much  greater  the  absolute  force  of  a  muscle  would  be  if  the 
transverse  section  consisted  of  nothing  but  contractile  inotagmata, 
we  can  only  assume  that  it  would,  in  general,  be  many  times  as  great. 

Oan  such  very  important  mechanical  powers  as  we  are  obliged  to 
assume  in  the  inotagmata  be  developed  through  the  thermal  oontxuction 
of  doubly-refractive  bodies  P  Do  we  not,  as  Fick  says,  go  beyond 
the  bounds  of  Intimate  analogy  in  making  such  a  supposition  P 

Of  course  nothing  but  the  measurement  of  the  forces  developed  by 
lifeless  doubly-refractive  bodies  under  thermal  contraction  will 
decide  this  question.  I  have  made  many  of  these  measurements  on 
various  objects,  and  I  think  the  results  furnish  us  with  a  refutation  of 
the  objection.  Strings,  moist  but  not  yet  contracted  through  lying  in 
water,  with  a  diameter  of  0*7  mm.,  and  loaded  with  1  kilogramme, 
lifted  up  the  weight  in  a  perceptible  deg^ree  when  rapidly  heated  up 
to  130°  C. ;  that  is  to  say,  they  exerted  a  force  about  twenty  times  at 
least  as  great  as  the  maximum  force  of  a  human  muscle  of  the  same 
thickness.  This  is  all  the  more  striking,  since  in  strings  also  it  is  not 
the  whole  transverse  section,  but  the  sum  of  the  sections  of  the 
fibriUsd,  and  even  a  part  of  every  section  only,  which  is  the  seat  of 
the  power  of  shortening. 

Still  greater  forces  may  be  exerted  by  strips  of  caoutchouc 
rendered  in  a  high  degree  doubly  refractive  by  strong  extension. 
Even  merely  heating  from  20°  to  40°  C.  produced  results  sixty  times 
as  great  as  the  maximum  afforded  by  human  muscles  of  the  same 
transverse  section. 

Hence  we  may  sufficiently  account  for  the  greatest  display  of 
force  of  which  muscle  is  capable,  without  having  to  attribute  to  the 
inotagmata  higher  elastic  forces  than  we  observe  in  highly  extended 
threads  of  caoutchouc  of  the  same  thickness,  nay,  without  even 
having  to  assume  temperatures  reaching  the  degree  necessary  for 
the  coagulation  of  albumin. 

Influence  of  Heat  on  the  Dead  Muecle  Fibres, — It  is  a  pity  that  we 


1895.]  On  the  Nature  of  Muecular  Contraction.  427 

:are  not  able  to  subject  tbe  iaolated  donbly-ii^fractiye  parts  of  tlie 
muscle  in  an  unimpaired  condition  to  the  influence  of  heat. 
Together  with  the  elevation  of  temperature  there  occur  changes  in  the 
•chemical  processes,  and  therewith  in  the  material  composition  and 
mechaniciJ  properties  of  the  whole  muscle  substance,  which  compli- 
<s6kte  the  changes  dependent  only  on  the  heating  of  the  doubly- 
refractive  particles,  or  even  prevent  our  clearly  recognising  them. 

We  may,  it  is  true,  exclude  these  chemical  influences  by  previously 
killing  the  muscles  by  means  of  alcohol  or  some  other  medium,  the 
action  of  which  preserves  the  finer  structure  of  the  non-contracted 
muscle,  and  above  all  the  double  refraction.  But  in  this  case,  too,  the 
mechanical  properties  of  the  fibrils,  as  well  as  of  the  sarcoplasm, 
•change  so  considerably  that  the  explanation  of  the  phenomena 
becomes  very  difficult.  A  great  part  of  the  soft  muscular  substance 
becomes  solid  by  coagulation  or  precipitation,  and  these  solid  parts 
will  act  in  opposition  to  a  thermal  shortening,  nay,  perhaps  com- 
pensate it,  in  consequence  of  their  own  expansion  through  heat. 
Moreover,  the  phenomena  are  rendered  compb'cated  by  the  thermal 
changes  of  other  elements  of  the  muscular  tissue,  such  as  conneotiTe 
fibrils,  blood-vessels  and  nerves. 

The  results,  however,  agree  very  well  with  the  hypothesis  that 
«ven  in  a  dead  muscle  the  doubly-refractive  particles  tend  to  contract 
when  heated  to  a  certain  degree,  and  to  lengthen  again  when  cooled. 
The  degree  of  heat  at  which  quite  dead,  lightly  loaded  frogs'  muscles 
begin  to  shorten,  does  not  lie  much  higher  than  those  sufficient  to 
produce  rigor,  mostly  below  or  near  to  60°  0.  Contraction  increases 
with  the  temperature,  occasionally  amounting  to  20  per  cent,  of  the 
initial  length. 

Very  important  contractions  of  the  sarcous  elements— to  the  half 
of  the  length  and  more — are  shown  by  the  microscope  in  the  striated 
muscles  of  insects,  when  these  are  very  rapidly  heated  to  55°,  or 
higher.  The  singly-refractive  layers  do  not  contract,  or  at  least  to  a 
much  less  degree.  However,  we  will  not  attach  too  much  importance 
to  these  facts,  because  the  conditions  are  very  complicated. 

Tetanus  and  Rigor  hy  Heat, — Living  muscles,  when  being  gradually 
heated,  are,  as  you  know,  thrown  into  tetanus  so  soon  as  the  tempera- 
ture has  attained  the  height  of  a  little  below  50°  C.  This  so-called 
tetanus  of  heat  passes  by  prolonged  heating  into  the  lasting  contrac- 
tion of  rigor,  accompanied  by  definitive  loss  of  irritability. 

This  contraction  through  heat  agrees  in  so  many  points  with  physio- 
logical contraction,  especially  with  physiological  tetanus,  that  it  was 
long  held  to  be  the  last  manifestation  of  muscular  life.  Such  points 
of  resemblance  are,  e.g,,  the  amount  and  the  force  of  shortening, 
which  in  both  cases  are  at  least  of  the  same  order,  and  the  increased 
production  of  heat,  of  carbonic  acid,  and  of  a  fixed  acid. 
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No  doubt  in  this  case  a  very  important  and  general  rise  of  tempe- 
rature of  the  contractile  particles  will  take  place  so  soon  as  rigidity 
b^ins  to  announce  itself.  Consequently,  according  to  our  hypothesis, 
we  must  expect  a  strong  and  general  contraction  of  the  inotagmata. 

That  the  force,  with  which  the  muscle  as  a  whole  will  shorten,  is 
not  quite  so  great  as  with  physiological  tetanus,  is  sufficiently 
explained  by  the  fact  that  the  inotagmata  do  not  contract  simul- 
taneously, and  by  the  increase  of  internal  resistance  which  occurs,  due 
to  coagulation  and  precipitation  in  the  muscle  plasma  during  th& 
development  of  rigidity  by  heat.  The  latter  circumstance  seems  to 
explain,  too,  why  the  rigid  muscle  does  not  perceptibly,  or  only  very 
little,  lengthen  upon  cooling. 

Thirgescence  by  Imbibition  as  a  Oeneral  Cause  of  Contraction  of 
DoubVy-refractive  Organised  Elements. — On  a  closer  examination,  how- 
ever, we  find  that  matters  are  still  more  complicated,  and  likewise 
that  there  is  still  an  important  circumstance  which,  besides  the  rise  of 
temperature  of  inotagmata,  may  act  as  a  cause  of  contraction,  even 
of  permanent  contraction.  This  circumstance,  the  fundamental 
importance  of  which  to  muscular  contraction  was  disclosed  a  score  of 
years  ago  by  a  rigorous  microscopical  examination  of  the  processes 
taking  place  in  the  muscle  fibres  during  contraction,  is  the  turgescence 
of  the  cUmbly'refractive  elements  by  the  imJnbition  of  watery  liquids. 

All  histological  elements  possessing  doubly-refractive  power  tend,, 
even  at  an  ordinary  low  temperature,  to  contract  in  the  direction  of 
the  optical  axis  when  their  volume  is  enlarged  by  the  imbibition  of  a 
watery  fluid,  and  to  lengthen  when  their  volume  diminishes  by  loss 
of  liquid.  The  extent,  power,  and  rapidity  of  the  changes  of  form 
depend  on  the  nature  and  on  the  dimensions  of  the  turgescent  object, 
and  on  the  nature  and  quantity  of  the  imbibed  liquid. 

For  the  examination  of  these  relations  our  violin  strings  again 
yield  fit  material.  A  long  series  of  measurements  has  now  shown 
that  there  is  a  very  close  resemblance  between  contraction  by  im- 
bibition and  thermal  and  physiological  contraction.  I  may  mention 
the  marked  extent  of  the  shortening,  the  high  value  of  the  force  of 
contraction,  its  increase  with  the  initial  tension  and  its  decrease  with 
increasing  shortening,  the  increase  of  extensibility,  the  decline  of 
refractive  power  and  of  doubly-refractive  property.  The  resemblance 
is  by  no  means  exclusively  of  a  qualitative,  but  also  of  a  quantitative 
kind. 

A  change  of  form  generally  takes  place  when  the  composition  of 
the  imbibed  liquid  changes,  and  it  is  of  great  importance  to  our 
question  that  even  the  slightest  changes  of  composition  can  cause 
marked  contractions  and  great  mechanical  effects. 

Unloaded  E  strings,  e.g.,  contract  in  pure  water  to  nine-tenths,  and 
in  water  which  contains  0*25  per  cent,  only  of  lactic  acid  to  three- 
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fifths  of  the  initial  length.  At  15^  C.  they  exert,  in  the  first  case, 
forces  of  abont  80  gr.,  in  the  second  of  about  110  gr.  With  initial 
tensions  of  105, 335,  and  450  gr.,  forces  of  226, 365,  and  496  gr.  respec- 
tively were  produced  by  swelling  in  distilled  water  at  15°  C. ;  and  by 
imbibing  a  0*25  per  cent,  solution  of  lactic  acid  at  initial  tensions 
of  5,  215,  and  425  gr.  forces  were  exerted  of  115,  350,  and  490  gr. 
respectiyely,  i.e.,  forces  very  much  higher  than  a  muscle  of  the  same 
thickness  can  produce  during  tetanus.  Even  in  a  watery  solution  of 
only  0*1  per  cent,  of  lactic  acid,  the  strings  contract  to  about  70  per 
cent.,  as  also  in  highly-diluted  acetic  and  hydrochloric  acid  or  in 
potash. 

Upon  neutralisation  or  dilution  the  old  length  and  volume  return. 
The  doubly-refractive  fibrils,  or  the  sarcous  elements  of  muscles, 
contract  considerably,  also  under  the  same  conditions,  swelling  at  the 
same  time ;  this  is  the  case  even  with  muscles  which  have  been  killed 
in  alcohol.  In  such  instances  1  measured  in  the  striated  fibres  of 
insects,  distinguished  by  especially  long  sarcous  elements,  shortenings 
to  50  per  cent,  and  more. 

Since,  according  to  many  inquirers,  lactic  acid  is  formed  during 
the  rigor  of  striated  muscles,  and  at  all  events  the  reaction  of  the 
muscular  plasma  grows  acid,  the  doubly-refiractive  elements  must 
necessarily  swell  more  and  tend  to  shorten,  and  this  contraction  will 
remain  until  the  acid  has  been  neutralised  or  removed  by  diffusion. 

Similar  results  will  be  obtained  in  other  cases  of  rigor  characterised 
by  shortening  and  by  the  production  of  much  acid,  such  as  the  ordinary 
rigor  mortis,  the  rigor  produced  by  distilled  water,  the  rigor  which  is 
caused  by  excessive  stimulation,  &c.  Nay,  in  a  bloodless  muscle 
even  a  physiological  stimulation,  when  sufficiently  strong  and  long, 
may  be  expected  to  produce  a  lasting  shortening,  on  account  of  the 
gradually  increasing  acidity.  Indeed,  the  well-known  incomplete' 
relaxation  of  such  muscles  seems  to  me  to  be  a  symptom  of  this 
chemical  contraction,  as  it  may  be  called,  in  contrast  with  the  thermal. 

In  a  mascle  in  which  the  blood  stream  is  maintained  this  will  not 
so  easily  take  place,  not  even  under  a  strong  and  prolonged  stimula- 
tion, liecause  the  acid  is  immediately  neutralised  or  removed  through 
diffusion.  Even  in  the  isolated,  bloodless  muscle  the  acid,  which  is 
produced  by  stimulation,  may,  in  the  beginning  at  least,  be  rendered 
harmless  through  the  very  large  quantity  of  non-acid  fiuid  imbibed 
by  the  muscle.  Consequently  we  must  expect  in  these  cases  an 
immediate  and  complete  relaxation  after  contraction.  The  facts  agree 
absolutely  with  these  suppositions. 

It  is,  perhaps,  not  unnecessary  to  remark  that  all  these  observa- 
tions would  also  hold  good  if  the  material  affecting  the  turgesoenoe 
were  not  lactic  acid,  but  another  substance  arising  during  the  chemical 
action  in  the  muscle,  e.g.,  water. 
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2%6  different  parts  played  by  "  Thermal  "  and  by  "  Chemical "  Con^ 
traction  in  the  different  hinds  of  muscular  contraction. — ^Bafc  now  the- 
question  may  be  raised :  Is  not  physiological  contraction  due  to  tur- 
gescence  by  imbibition  solely  P  Do  not  we  find  a  sufficient  explana> 
tion  of  all  kinds  of  contraction  in  the  change  of  the  conditions  of 
imbibition,  a  change  which  must  necessarily  result  from  the  chemical 
action  caused  by  the  stimulus  P 

We  have  all  the  more  reason  to  put  this  question,  since  we  can 
prove,  that  in  the  physiological  contraction  of  striated  musde-fibrea 
the  doubly-refractive  layers  swell  at  the  oost  of  the  watery  isotropic 
layers.  The  microscopical  examination  of  active  living  muscles  and 
of  fixed  waves  of  contraction  has  proved  this  fact  beyond  all  question,, 
however  much  the  opinions  of  different  observers  may  diverge 
on  other  points.  The  swelling  would,  moreover,  account  for  the 
slight  decrease  of  musoular  volume  observed  in  strong  tetanic  oon^ 
traction.  For,  according  to  the  experiments  of  Quincke,  the  imbi- 
bition of  water  by  organised  bodies  generally  leads  to  a  slight 
condensation.*  By  this  condensation  further  heat  is  developed,  and 
this  heat  might,  by  raising  the  temperature  of  the  doubly-refractive 
elements,  be  partially  transformed  into  mechanical  energy,  and  in. 
this  way  contribute  to  the  production  of  muscular  force. 

Yet  I  cannot  consider  this  explanation  as  sufficient  for  all  the  facts. 
The  same  arg^ument  which  in  our  eyes  seems  to  dispose  of  the  hypo- 
thesis of  the  identity  of  chemical  attraction  and  musoular  force^ 
viz.,  the  infinitesimally  small  quantity  of  substance  which  is  chemically 
active  during  a  simple  contraction,  seems  to  me  to  present  a  funda> 
mental  difficulty  here  also.  It  is  hard  to  understand  how  through  a 
change  in  the  material  composition,  effected  at  one  infinitesimal  point 
within  a  soft  watery  substance,  the  whole  mass  should  shorten  and 
thicken,  unless  there  proceeds  from  the  centre  of  chemical  activity  a  con' 
siderahle  amount  of  kinetic  energy  throughout  the  substance. 

The  microscopic  appearances  which  prove  the  turgescence  of  the 
doubly-refractive  refringent  elements  during  a  contraction,  do  not 
exclude  a  direct  thermo-dynamical  effect.  For  the  almost  complete 
identity  in  the  changes  of  form,  and  of  optical  and  mechanical 
properties,  which  the  doubly  refractive  constituents  of  all  histological 
elements  undergo  during  chemical  and  thermal  contraction,  seems 
to  bear  out  the  hypothesis,  that  in  the  thermal  shortening  of  doubly- 
refractive  elements,  through  the  imbibition  of  watery  flui(i,  we 
get  a  shifting  of  solid  and  liquid  substances  analogous  to  that  of 
turgescence.  In  most  of  the  microscopical  phenomena,  especially 
the  so-called  fixed  contraction  waves,  we  have,  moreover,  to  do 
with  a  high  degree  of  tetanic   contraction,   or  even  with  rigor,  in 

*  In  the  thermal  contraction  of  tendons  and  strings  I  have  not  yet  been  able  to 
conTince  myself  of  a  decrease  in  Tolume. 
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which,  on  account  of  the  gp:«atly-increa8ed  chemical  action,  a 
chemically-caused  turgescence  may  be  accompanied  to  a  considerable 
extent  by  thermal  contraction. 

Moreover,  it  is  doubtful  if  we  have  in  this  case  to  deal  with  a 
phenomenon  common  to  all  kinds  of  muscular  fibres.  Most  probably 
the  mutual  relations  of  the  two  processes  differ  with  different  kinds 
of  muscle. 

Hence,  we  may  conclude  that  chemical  contraction  by  turgescence 
of  the  inotagmata  is  most  likely  a  constant  concomitant  of  the  thermal 
contraction  of  living  muscle,  but  that  compared  with  the  latter,  in  a 
single  contraction,  at  least  of  striated  fibres,  the  former  is  of  little 
or  no  consequence  as  regards  the  sbortening  effect. 

Ohemiotonus  and  Tkermotonus, — Both  processes  will  probably  also 
take  part  in  varying  proportion  in  the  tomu  of  muscle,  which  in  some 
cases  will  approach  more  to  pure  ehemiotonus^  in  others  more  to  pure 
tkermotonus.    Experimental  researches  in  this  direction  are  wanted. 

Causes  of  the  BelaxaHon  of  Musde.  Theoretical  Considerations.  Con* 
elusion. — ^With  regard  to  Uie  relamation  of  muscle,  according  to  our 
theory  this  must  be  caused  either  by  cooling,  or  by  the  withdrawal 
of  water  from  the  doubly-refractive  particles.  Indeed,  we  hav& 
found  that  doubly-refractive  histological  elements  in  general,  even  if 
they  be  lifeless,  like  our  violin  strings,  lengthen  again  upon  cooling 
after  they  have  been  contracted  by  heat,  and  that  they  lengthen 
upon  neutralisation  or  diffusion,  after  they  have  been  contracted  by 
imbibition  at  an  ordinary  temperature. 

In  a  normal  relaxation  the  muscle  seems  to  retom  completely  to 
its  initial  state.  Of  course  its  store  of  energy  has  diminished  in 
proportion  to  the  quantity  of  mechanical  work  and  heat  which  haa 
proceeded  from  it,  but,  on  account  of  the  relatively  infinitesimal 
quantity  of  substance  which  is  thereby  consumed,  this  return  will 
necessarily  seem  to  be  complete  even  in  the  case  of  an  isolated  muscle. 

If  we  analyse  the  phenomena  of  relaxation  more  exactly,  we 
shall  light  on  several  possibilities,  the  discussion  of  which  would 
be  very  interesting  with  regard  to  the  theory  of  muscle-life.  I  shall 
restrict  myself  to  the  phenomena  of  the  relaxation  following  on 
thermal  contraction. 

Here,  in  the  first  place,  we  might  conceive  that  the  doubly- 
refractive  inotagmata  are  destroyed  in  the  thermal  shortening,  so 
that  each  of  them  performs  its  function  once  only.  The  lengthening 
of  the  muscalar  fibrils  would  then  probably  be  caused  solely  by  the 
elastic  powers  of  the  parts  passively  extended  or  compressed  by  the 
shortening  of  the  inotagmata.  Upon  a  fresh  stimulation,  other 
inotagmata  would,  in  consequence  of  the  combustion  of  other  ther- 
mogenic molecules,  become  active,  perish,  Ac.  Through  the  activity  of 
the  formative  matter  of  the  living  muscle-fibre,  the  place  of  the  lost 
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inotagmata  would  be  continaally  or  periodically  filled  by  others, 
probably  through  the  same  process  of  organic  crystallisation  by  which 
during  ontogenesis  the  doubly-refracting  particles  in  the  muscle  are 
produced  and  arranged. 

Against  this  hypothesis,  however,  or  at  least  against  its  general 
validity,  various  objections  may  be  put  forward.  I  will  mention  but 
two  of  the  most  important  of  them. 

There  seems  to  be  no  doubt  but  that  the  doubly-refractive 
particles  of  the  muscle  consist  of  an  albuminous  sabstance,  and  that 
they  together  make  up  a  sensible  part  of  the  whole  albumin  of  the 
muscle-fibrils.  In  that  case  it  would  be  most  improbable  that  a 
great  increase  of  muscular  work  should  not  at  all,  or  only  very 
slightly,  increase  the  elimination  of  nitrogen.  To  account  for  this,  we 
should  have  to  recur  to  an  auxiliary  hypothesis,  and  assume  either 
that  the  nitrogenous  remainder  of  the  destroyed  inotagma  is  retained 
vrithin  the  body — ^perhaps  in  the  muscle — for  purposes  of  anabolism, 
or,  which  is  indeed  most  improbable,  that  other  organs  saved  just  as 
much  albumin  as  was  decomposed  above  the  normal  quantity  during 
the  contraction  of  the  muscles. 

A  second  objection  consists  in  the  fact  that  after  heating  or  tetanis- 
ing  mnscles  until  they  are  rigid,  the  doubly-refractive  power  of  the 
sarcous  elements  will  be  found  still  very  g^at. 

The  other  possibility  is  that  the  inotagmata  may  be  preserved,  and 
consequently  on  cooling  may  return  to  their  former  state,  and 
therefore  will  do  work  by  shortening  as  often  as  we  choose.  In  thin 
case  muscle  would  not  only  seem  to  ofPer,  but  would  in  fact  ofPer  a 
most  striking  resemblance  to  a  thermodynamic  machine,  the  solid 
particles  of  the  framework  of  which  are  not  destroyed  through  the 
chemical  process  producing  the  actual  energy.  No  more  than  such  a 
machine  would  the  muscle  require  a  perpetual  renewal  of  its 
framework  for  the  continuation  of  its  activity ;  it  would  only  want  a 
periodic  supply  of  fresh  combustible  material. 

This  representation,  as  you  see,  will  sufficiently  account  for  the  fact, 
which  would  otherwise  remain  surprising,  that  muscular  work  has 
such  a  small  influence  on  the  elimination  of  nitrogen.  The  facts  of 
microscopic  observation  also  agree  with  it. 

But  a  further  discussion  of  the  two  possibilities  woald  lead  us  too 
far.  The  purpose  of  this  lecture  was  not  to  give  a  complete  account 
of  all  the  phenomena  of  muscular  activity.  I  have  wished  chiefly 
to  draw  your  attention  to  a  series  of  facts  which  I  hold  to  be  of  great 
importance  for  a  deeper  insight  into  the  essence  of  muscular  con- 
tractility, in  so  far  as  they  prove  the  existence  of  certain  material 
dispositions  and  processes  (adipitting  of  closer  experimental  examina- 
tion), by  means  of  which  mechanical  work  may  be  generated  in  the 
muscle  by  chemical  energy. 
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As  with  all  problems  of  natnral  philosophy  we  mast  forego  the  com- 
plete solntion,  and  content  oarselves  with  approximations  to  truth, 
so  now  we  will  refrain  from  calling  out  with  Archimedes,  evprfxa^ 
but  rather  be  mindful  of  the  words  of  the  apostle : 
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March  21,  1895. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-Pceaident  and 
TreaaDrer,  in  the  Gbair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanka 
ordered  for  them. 

The  foUoiring  Papers  were  read  :— 

I.  "  On  the  Diselectrification  of  Air."  By  Lord  KELvm,  P.R.S^ 
Maonvs  Maclean,  M.A.,  F.R.S.E.,  and  Alexander  Galt, 
B.Sc.,  F.R.S.E.    Received  March  14, 1895. 

§  1 .  The  experiment  described  in  §  14  of  onr  paper  on  the  "  EJleo* 
trification  of  Air  and  other  Gases  by  babblisff  throag^h  Water  and 
other  Liquids "  (' Roy.  Soo.  Proo.,' Febmary  21,  1895),  proves  that 
air,  eleotriGed  neRatively  by  hnbblJug  through  water  and  catised  to 
pass  throngh  a  metallic  wire  ganee  strainer,  givea  np  aome,  bat  not  a 
large  proportion,  of  ita  electricity  to  the  metal.  We  have  now  made 
a  fresh  experimental  arrangement  for  the  pnrpoae  of  inrestigatiog 
diseleotrificatioi)  of  air  which  has  been  electrified,  whether  positivelj 
or  negatively,  by  other  means  than  bnbbling  throagh  water :  with 
apparatus  represented  in  figs.  1  and  2,  which  is  simplified  from  that 
of  onr  former  paper  foy  the  omission  of  the  apparatus  for  electrifioa- 
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tion  by  bnbbliDg,  and  for  collecting  large  qnaatities  of  electrified 
air. 

§  2.  In  fig.  1 ,  A  B  represent  the  two  terminals  of  a  Yoss  electric 
machine  connected,  one  of  them  to  a  metal  can,  GC  (a  small  biscuit 
canister  of  tinned  iron),  and  the  other  to  a  fine  needle,  of  which  the 
point  n  is  in  the  centre  of  the  can.  The  wire  making  the  connection 
to  the  needle  passes  through  the  centre  of  a  hole  in  the  side  of  the 
can,  stopped  by  a  paraffin  plug.  Air  is  blown  from  bellows  through 
a  pipe,  E,  near  the  bottom  of  the  can,  and  allowed  to  escape  from 
near  the  top  through  an  electric  filter,  F,  called  the  tested  filter, 
from  which  it  passes  through  a  long  block-tin  pipe,  GO,  about 
3|  metres  long  and  1  cm.  internal  diameter,  and  thence  through  a 
short  tunnel  in  a  block  of  paraffin,  K.  From  this,  lastly,  it  passes 
through  a  second  electric  filter,  R,  into  the  open  air.  This  second 
filter,  which  we  sometimes  call  the  testing  filter^  sometimes  the  electric 
receiver^  is  kept  in  metallic  connection  with  the  insulated  terminal,  I, 
of  a  quadrant  electrometer,  Q.  The  metal  can  and  the  block-tin 
pipe  are  metallically  connected  to  the  outer  case  and  uninsulated 
terminal,  T,  of  the  quadrant  electrometer. 

§  3.  The  testing  filter  or  electric  receiyer  consists  of  twelve  discs 
of  brass-wire  cloth  fixed  across  the  mouth  of  a  short  metal  pipe 
supported  on  the  end  of  the  paraffin  tunnel  in  the  manner  represented 
in  fig.  2,  on  a  scale  of  twice  the  size  of  the  filter  which  we  have 
actually  used,  or  of  true  size  for  a  filter  on  a  tube  of  2  cm.  diameter, 
which  for  some  purposes  may  be  better.  One  of  eleven  similar  discs, 
of  size  adapted  to  a  tube  of  2  cm.  diameter,  and  an  outermost  disc 
with  projecting  lugs,-  are  shown,  true  size,  and  with  the  gauge  of  the 
wire-cloth  which  we  have  actually  used,  shown  true  size,  in  fig.  3. 
The  eleven  little  circular  discs  of  wire  cloth  are  held  in  position  by 
bending  over  them  the  four  lugs  belonging  to  the  outermost  disc,  and 
all  are  kept  compactly  together  by  a  short  piece  of  india-rubber  tube 
stretched  over  them  outside  as  shown  in  fig.  2. 

§  4.  We  commenced  with  a  few  experiments  to  test  the  efficiency  of 
the  testing  filter,  R,  with  do  tested  filter  at  F,  and  merely  continuous 
block- tin  pipe,  FOG,  from  the  can  to  the  paraffin  tunnel.  First, 
working  the  bellows  with  no  electrification  of  the  needle  point,  we 
found  no  sensible  electric  effect  on  the  electrometer,  which  proved 
that,  whether  from  natural  electrification  of  the  air  of  the  laboratory, 
or  by  the  action  of  the  bellows,  or  by  the  passage  of  the  air  through 
the  long  metal  pipe,  no  electrification  sensible  to  our  test  was  pro- 
duced. After  that  we  kept  the  needle  point,  n,  electrified,  either 
positively  or  negatively,  for  five  or  six  minutes  at  a  time  by  turning 
the  little  Voss  machine,  and  we  found  large  effects  rising  to  about 
3^  volts  in  five  minutes,  positive  or  negative,  according  as  n  was 
positive  or  negative. 
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§  5.  The  apparatna  is  now  ready  to  teat  the  efficacy  of  filters  or 
other  appliances  of  different  kinds  placed  at  F  for  the  porpose  of 
diselectrifying  air  which  has  heen  electrified,  whether  .positively  or 
negatively,  by  the  electrified  needle  point  n.  We  began  with  a  filter 
of  12  wire-gaaze  discs,  placed  at  F  and  kept  in  metallic  connection 
with  the  tin  pipe  ontside.     This  nearly  halved  the  electricity  shown 
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by  the  electrometer.  We  then  tried  24,  48,  72,  96,  120  wire-gauze 
discs,  snccessivelj,  placed  in  groups  of  24,  and  separated  from  one 
another  hy  short  lengths  of  2  cm.,  of  lead  tube,  in  the  line  of  the  flow  of 
the  air  between  F  and  O  (fig.  1),  all  kept  in  metallic  connection  with 
the  block-tin  pipe  and  the  outer  case  of  the  electrometer.  We  were 
surprised  with  the  smallness  of  the  additions  to  the  diselectrifying 
efficiency  of  the  12  strainers  first  tried ;  for  example,  the  filter  of  120 
wire  gauzes  only  reduced  the  electrical  indication  to  a  little  less  than 
one-half  of  what  it  was  with  the  12  which  we  first  tried. 

We  found  that  cotton-wool  between  the  spaces  in  the  groups  of 
24  wire  gauzes  largely  increased  the  diselectrifying  effect.  Thus, 
with  72  wire  gauzes  and  cotton- wool  we  succeeded  in  reducing  the 
electrical  efFect  to  about  one-twelfth  of  what  it  was  with  only  a  filter 
of  12  wire  gauzes ;  but  hitherto  we  have  not  succeeded  in  rendering 
imperceptibly  small  the  electricity  yielded  by  the  outflowing  air  to 
the  testing  filter  R  in  our  method  of  observation. 

§  6.  We  intend  trying  various  methods  of  obtaining  more  and  more 
nearly  complete  diselectrification  of  the  electrified  air  flowing  out  of 
the  can  at  F ;  and  this  for  air  electrified  otherwise  than  by  the  needle 
point,  as  shown  in  the  diagram :  for  instance,  by  an  electrified  flame 
in  place  of  the  needle  point ;  or  again  by  bubbling  through  water  or 
other  liquids.  Meantime,  the  mere  fact  that  the  electricity,  whether 
positive  or  negative,  given  to  air  by  an  electrified  needle  point,  can  be 
conveyed  through  8  or  4  metres  of  small  metal  tube  (1  cm.  diameter), 
and  shown  on  a  quadrant  electrometer  by  a  receiving  filter,  is  not  with- 
out intei*est.  We  may  add  now  that,  with  the  receiving  filter  removed 
and  merely  a  fine  platinum  wire  put  in  the  mouth  of  the  paraffin 
tunnel,  we  have  foand  that  enough  of  electricity  is  taken  from  the 
outflowing  air  to  be  amply  shown  by  the  quadrant  electrometer; 
which  renders  even  more  surprising  the  fact  that  the  diselectrifying 
power  of  120  strainers  of  fine  wire-gauze  should  be  so  small  as  we 
have  found  it. 


II.  "On  the  Conditions  affecting  Bacterial  Life  in  Thames 
Water."  By  E.  Frankland,  D.C.L.,  F.R.S.  Received 
January  31, 1895. 

Since  May,  1892, 1  have  been  making  monthly  determinations  of 
the  number  of  bacteria  capable  of  development  on  a  peptone-gelatine 
plate  in  a  given  volume  of  Thames  water  collected  at  the  intakes  of 
the  Metropolitan  water  companies  at  Hampton.  The  number  of 
microbes  per  cubic  centimetre  of  water  varied  during  this  time 
between  631  and  56,630,  the  highest  numbers  having,  as  a  rule,  been 
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found  in  winter  or  when  the  temperature  of  the  water  was  low,  and 
the  lowest  in  summer  or  when  the  temperature  was  high. 

Amongst  the  conditions  which  favour  or  retard  the  development 
of  microbial  life  in  river  water,  temperature,  rainfall,  and  sunshine  or 
gloom  are  probably  the  most  important,  sunshine  having  been 
recently  shown  by  Dr.  Marshall  Ward  to  be,  under  certain  circum- 
stances, extremely  potent  in  the  destruction  of  bacteria.  The 
following  tables  contain  the  results  of  these  microbe  determinations 
placed  in  juxtaposition  with  (A)  the  temperature  of  the  water 
at  the  time  the  sample  was  taken,  (B)  the  number  of  hours  of  sun- 
shine on  the  day  and  up  to  the  hour  when  the  sample  was  drawn 
and  on  the  two  preceding  days,  and  (C)  the  flow  of  the  Thames  over 
Teddington  Weir  on  the  same  day  expressed  in  millions  of  gallons 
per  24  hours. 

The  samples  for  microbe  cultivation  were  collected  at  about  9  in. 
below  the  surface  of  the  water  in  partially  exhausted  and  sealed 
tubes,  the  ends  of  which,  when  the  tubes  were  lowered  to  the  desired 
depth,  were  broken  off  by  an  ingenious  contrivance  devised  by  my 
assistant,  Mr.  W.  T.  Burgess.  On  being  withdrawn  from  the  river, 
the  tubes  were  immediately  hermetically  sealed  and  packed  in  ice 
for  conveyance  to  my  laboratory,  where  the  cultivation  was  always 
commenced  within  four  hours  of  the  time  of  collection. 

For  the  records  of  sunshine  I  am  indebted  to  the  kindness  of  Pro- 
fessor E.  J.  Stone,  M.A.,  F.R.S.,  the  Radcliffe  Observer  at  Oxford, 
and  to  Mr.  James  B.  Jordan,  of  Staines.  Finding  that  the  Oxford 
observations  differed  but  little  from  those  at  Staines,  and  as  Staines 
is  nearer  to,  although  higher  up,  the  river  than  the  place  where  my 
samples  were  collected,  I  have  used  the  Staines  records  in  the  table, 
except  on  a  few  dates  when  Mr.  Jordan's  observations  had  been 
intermitted. 

The  gaugings  of  the  Thames  at  Teddington  Weir  were  kindly 
furnished  by  Mr.  G.  J.  More,  the  engineer  to  the  Thames  Conservancy 
Board. 

Without  the  data  giving  the  conditions  of  sunshine  and  flow  of  the 
river,  it  was  impossible  to  draw  any  trustworthy  conclusion  as  to  the 
cause  of  the  increase  and  diminution  of  the  number  of  microbes  per 
cubic  centimetre  of  Thames  water  at  Hampton,  because  the  condi- 
tions supposed  to  be  favourable  for  microbial  life  all,  approximately, 
attain  the  greatest  intensity  at  the  same  season  of  the  year ;  thus, 
whilst  the  temperature  is  lowest  in  winter,  so  also,  as  a  rule,  are  the 
minimum  amount  of  sunshine  and  the  maximum  amount  of  flood 
water.  The  following  collateral  observations,  however,  afford  definite 
evidence  as  to  which  of  the  three  conditions — temperature,  sun- 
shine, and  flow  of  the  river — ^has  the  predominant  influence  upon 
bacterial  life  in  the  water.    The  flrst  table  and  diagram  compare  the 
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namber  of  microbes  per  cubic  centimetre  with  the  temperature  of 
the  water  at  the  time  the  sampleB  were  taken.  In  this  diagram  the 
ordinates  express  the  numbers  of  microbes  and  the  temperatares, 
whilst  the  abscisste  denote  the  months  when  the  samples  were  taken. 
For  obvious  reaBons  the  ordinatea  expressing  nambers  of  microbes 
and  temperature  are  nambered  in  opposite  directions. 

From  this  table  and  diagram,  high  temperatnre  would  appear  to 
have  been  nnf&TOiirahle  to  microbes  in  May,  Jnne,  July,  Angnst,  and 
September,  1892,when  the  number  per  cubic  centimetre  was  small;  bnt 
in  October  and  November  the  nomber  still  remained  small,  although 
the  temperature  in  these  months  was  much  lower.  In  December, 
however,  of  the  same  year  the  temperature  remained  much  the  same 
as  in  November,  bnt  the  microbes  underwent  an  enormons  increase. 
Again,  in  the  following  year  (1893),  the  temperature  in  January  on 
the  day  when  the  sample  was  collected  was  still  lower,  being  at  the 
freezing  point,  but  the  microbes  were  considerably  less  numeroos. 
On  the  other  hand,  in  Februaiy,  when  the  temperature  was  higher. 
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the  microbes  were  mncli  more  nnmerons  thaa  even  in  the  previons 
December.  In  March,  whilst  the  temperature  remained  practically 
the  same  as  in  Febmarj,  the  number  of  microbes  per  cubic  centi- 
metre fell  from  about  14,000  to  about  3,700.  Again,  in  April,  whilst 
the  temperature  was  still  moderate  (11*6®  C.)>  the  number  of 
microbes  fell  still  further  to  leas  than  2,000  per  cubic  centimetre. 
In  May,  June,  July,  and  August,  the  temperature  was  high  and  the 
number  of  microbes  uniformly  small,  but  in  September  there  was  a 
great  reduction  of  temperature,  but  accompanied  also  by  a  consider- 
able diminution  in  the  number  of  microbes.  In  October  there  was 
again,  as  in  February,  an  enormous  development  of  bacteria  whilst 
the  temperature  was  only  slightly  lower  than  in  the  previous  month, 
when  the  number  was  remarkably  small.  In  November  again,  with 
a  much  lower  temperature,  there  was  a  reduction  in  the  number  of 
microbes  from  about  14,000  in  the  previous  month  to  about  1,750  per 
cubic  centimetre.  During  the  following  months  of  November  and 
December,  1893,  and  January,  February,  and  March,  1894,  whilst 
the  temperature  remained  low  and  nearly  constant,  the  microbes 
were  sometimes  as  low  as  1,789,  and  sometimes  as  high  as  56,630 ; 
but,  during  the  following  months — April,  May,  June,  July,  August, 
September,  and  October — the  increase  of  temperature  and  diminution 
of  microbes,  and  vice  versd,  marched  very  much  part  passu.  In 
November,  however,  with  no  alteration  of  temperature  as  compared 
with  the  previous  month,  the  number  of  microbes  increased  from 
3,800  to  20,080  per  cubic  centimetre,  whilst  in  December  there  was  a 
diminution  alike  in  temperature  and  microbes. 

Thus  it  is  evident  that,  although  coincidences  between  a  high 
number  of  microbes  and  a  low  temperature  are  not  wanting,  some 
other  condition  entirely  masks  the  effect  of  temperature. 

The  next  table  and  diagram  institute  a  comparison  between  the 
number  of  microbes  and  the  hours  of  sunshine  to  which  the  water 
has  been  exposed.  The  diagram  is  constructed  on  the  same  lines  as 
No.  1. 

Reference  to  the  table  and  diagram  shows  that,  whilst  during  the 
months  May  to  November,  1892,  there  was  an  enormous  variation  in 
the  amount  of  sunshine,  namely,  from  23^  hours  in  June  to  none  in 
November,  there  was  practically  no  corresponding  variation  in  the 
number  of  microbes.  In  December  of  that  year,  there  was  much 
more  sunshine  than  in  the  previous  month,  but  the  microbes,  instead 
of  being  diminished  thereby,  increased  from  less  than  2,000  to  over 
11,000  per  cubic  centimetre ;  and,  although  there  was  no  sunshine  on 
the  three  days  previous  to  the  taking  of  the  sample  in  January, 
1893,  the  number  of  microbes  actually  decreased  about  3,000  per 
cubic  centimetre.  In  the  following  month  of  February,  however, 
about  14,000  microbes  per  cubic  centimetre  coincided  with  bnt  U.t^l<Ck 
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more  than  an  boor  of  samhine.  In  the  following  montli  of  March 
again,  an  enormotia  increase  of  sunshine  was  followed  hy  a  corre- 
sponding decrease  of  microbee,  and  this  relation  was  continned  in  the 
following  month  ;  bnt  in  May,  with  a  great  dimination  of  sunlight, 
there  was  practically  no  increase  of  microbes,  and  in '  Jane,  with  an 
enormous  increase  of  sunlight,  there  was  the  anomaly  of  an  increase, 
though  slight,  of  bacteria. 

In  the  following  July  and  August,  there  were  enormous  alternations 
of  BUDshine  and  gloom  with  no  corresponding  difference  in  the 
number  of  microbes  ;  whilst  in  September,  with  a  great  diminution 
in  sunshine,  there  was  observed  one  of  the  smallest  numbers  of 
microbes  recorded.  In  the  following  month  of  October,  however,  a 
small  diminution  of  Bunshine  woa  accompanied  by  a  very  large  in- 
crease of  microbes.  On  the  othec  hand,  in  the  month  of  November, 
with  a  still  smaller  amount  of  sunshine  there  was  au  enorraooB 
reduction  in  the  number  of  microbes. 

In  January,  1894,  a  small  amount  of  sunshine  was  followed  by  an 
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enormous  number  (56,630)  of  microbes.  In  the  following  month  of 
February,  however,  this  number  was  reduced  to  about  7,000,  although 
the  amount  of  sunshine  was  not  very  much  greater.  In  the  following 
month  of  March,  there  was  a  great  increase  both  of  sunshine  and 
bacteria,  whilst  in  April,  there  was  an  increase  of  sunshine  and  a 
great  diminution  in  the  number  of  microbes.  In  May,  however, 
there  was  a  great  decrease  of  sunshine,  but  a  very  slight  increase  of 
microbes.  In  June  there  was  rather  less  sunshine  than  in  the 
previous  month,  but  also  fewer  microbes  ;  whilst  in  July,  an  increase 
of  sunlight  was  accompaned  by  an  increase  of  microbes.  In  Augfust, 
September,  and  October,  wifch  each  diminution  of  sunshine  there  was 
a  corresponding  increase  of  microbes ;  but  in  November,  with  a  very 
moderate  amount  of  sunlight,  there  was  an  enormous  increase  of 
microbes  from  3,800  to  20,080  per  cubic  centimetre,  whilst  in  the 
following  month  of  December  a  considerable  diminution  of  sunlight 
was  found  to  be  compatible  with  a  marked  decrease  of  microbes. 

Thus  it  is  evident  that,  as  in  the  case  of  temperature,  there  is  some 
other  condition  which  entirely  overbears  the  influence  of  sunlight  in 
the  destruction  of  microbes  in  the  river  water.  This  condition  is  the 
amount  of  rainfall  higher  up  the  river,  or,  in  other  words,  the  volume 
of  water  flowing  along  the  river  bed,  as  is  seen  from  the  oompariaon 
presented  in  the  following  table  and  diagram  (pp.  447,  448). 

This  table  and  diagram  show  very  conclusively  that  the  volume  of 
water  flowing  in  the  Thames  is  the  paramount  influence  determining 
the  number  of  microbes  in  the  water.  They  compare  the  volume  of 
water  in  the  river,  as  gaugred  at  Teddington  Weir,  with  the  number 
of  microbes  found  in  the  raw  Thames  water  at  Hampton  on  the  same 
day.  In  the  diagram,  the  numbers  representing  the  flow  of  the  river 
in  millions  of  gallons  and  the  number  of  microbes  per  cubic  centi- 
metre of  water  both  run  from  the  bottom  of  the  diagram  upwards. 

Comparing  the  numbers  in  the  table  and  the  curves  on  the  diagram, 
it  is  seen  that,  with  a  few  exceptions,  a  remarkably  close  relation  is 
maintained  between  these  numbers  and  curves  respectively ;  thus 
during  the  months  of  May,  June,  July,  August,  September,  and 
October,  1892,  the  river  was  low  and  the  number  of  microbes  small. 
In  December  of  the  same  year,  the  daily  flow  of  the  river  had  risen  to 
2,105  millons  of  gallons,  and  the  microbes  to  11,158  per  cubic  centi- 
metre ;  whilst  in  January  1893,  the  flow  had  decreased  to  915  millions 
of  gallons,  and  the  microbes  to  8,210  per  cubic  centimetre.  In  February 
of  the  same  year,  the  flow  of  water  over  Teddington  Weir  had  risen  to 
3,255  millions  of  gallons,  and  the  number  of  microbes  simul- 
taneously to  13,947  per  cubic  centimetre ;  whilst  in  March,  with  a 
reduced  flow  of  1,175  millions  of  gallons,  the  number  of  microbes 
came  down  to  3,737  per  cubic  centimetre,  and  this  was  followed  in 
April  by  a  further  diminution  to  1,763  per  cubic  centimetre,  whilst 
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the  flow  of  the  river  was  simnltaneonil;  lednced  to  985  nuUions  of 
gallonB  daily. 

In  the  following  months,  May,  Jane,  Jnly,  AngiiBt,  and  September, 
the  river  remainect  low,  and  bo  did  the  number  of  microbes ;  but  iu 
October,  with  an  inorease  of  flow  from  159  to  543  millionH  of  gallons, 
the  nnmher  of  microbes  increased  from  1,158  to  13,790  per  cobic 
centimetre ;  whilst,  in  the  following  month  of  November,  the  flow 
of  the  river  was  rednced  to  249  millions  of  gallons  and  the  microbes 
to  1,789  per  cubic  centimetre.  Again,  in  the  following  month  of 
December,  the  flow  of  the  river  increased  to  375  millions  of  gallons, 
«nd  the  microbes  to  6,316  per  citbic  centimetre. 

In  Jannary,  1894,  the  flow  of  the  river  was  angmentod  to  1,510 
millions  of  gallons,  and  the  microbes  to  the  enormons  namber  of 
SflidilO  per  cnhic  centimeti'e.  In  the  following  months  of  Febmaiy, 
Uarch,  April,  and  Uay,  tbe  two  corves  follow  each  other  with  re- 
martcable  regularity ;  whilst  in  July,  Angnst,  September,  and  October, 
both  the  flow  of  the  river  and  the  number  of  microbes  remained  low, 
there  being  a  alight  increase  in  both  from  September  to  October. 
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Then  came  the  tremendous  flood  of  November,  the  highest  on  record, 
the  flow  of  the  river  over  Teddington  Weir,  on  the  18th,  having 
reached  nearly  20,136  millions  of  gallons.  The  sample  for  microbe 
cultivation  -was,  however,  taken  on  the  5th,  when  the  flow  onlj 
amounted  to  4,462  millions  of  gallons  per  day,  but  this  increase  from 
396  millions  of  gallons  in  October  to  4,462  millions  on  the  5th  of 
November  was  accompanied  by  an  increase  in  the  number  of  microbes 
from  3,800  on  the  lOfch  of  October  to  20,080  per  cubic  centimetre  on 
the  5th  of  November ;  whilst,  in  December,  the  flow  of  the  river  had 
fallen  to  2,058  millions  of  gallons  per  day,  and  the  number  of 
microbes  to  16,300  per  cubic  centimetre. 

The  only  exception  of  any  importance  to  the  rule,  that  the  number 
of  microbes  varies  with  the  flow  of  the  river,  occurring  during 
the  thirty-two  months  through  which  these  observations  have  been 
continued,  happened  in  November,  1892,  when  the  flow  increased 
from  501  millions  of  gallons  in  October  to  1,845  millions  in  November, 
whilst  the  microbes  actually  diminished  in  number  from  2,316  to 
1,868  per  cubic  centimetre.  Neither  the  sunshine  nor  the  temperature 
records  of  these  two  months,  however,  afford  any  explanation  of  this 
anomalous  result,  for  there  was  a  good  deal  of  sunshine  in  October 
before  the  collection  of  the  sample,  and  the  temperature  was  higher ; 
whilst  in  November,  no  ray  of  sunshine  reached  the  Thames  during 
the  three  days  preceding  the  taking  of  the  sample,  and  the  temperature 
was  nearly  4°  C.  lower  than  in  the  preceding  month. 

These  comparisons,  therefore,  demonstrate,  I  think  satisfactorily, 
that  the  number  of  microbes  in  Thames  water  depends  upon  the 
rate  of  flow  of  the  river  or,  in  other  words,  upon  the  rainfall,  and 
but  slightly,  if  at  all,  upon  either  the  presence  or  absence  of  sunshine 
or  a  bigh  or  low  temperature. 

With  regard  to  the  effect  of  sunshine  upon  bacterial  life,  the  in- 
teresting researches  of  Dr.  Marshall  Ward  leave  no  doubt  that  sun- 
light is  a  powerful  germicide ;  but  it  is  probable  that  its  potency,  in 
this  respect,  is  greatly  diminished  if  not  entirely  annulled,  when  the 
solar  rays  have  to  pass  through  a  stratum  of  water  even  of  compara- 
tively small  thickness  before  they  reach  the  living  organisms.  If 
this  be  the  case,  it  can  be  no  matter  for  surprise  that  the  effect  of 
sunshine  upon  bacterial  life  in  the  great  mass  of  Thames  water  should 
be  nearly,  if  not  quite,  imperceptible. 

Note  added  March  16. 

Since  this  paper  was  written,  1  have  ascertained  that  between 
October  17  and  November  22,  1892,  when  the  sample  for  microbe 
cultivation  was  collected,  the  river  had  several  times  been  in  such 
high   flood  as   to  be  bank-full.      Thus,    between  October  30  as.^ 
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November  2,  the  flow  was  never  less  than  3,000  millions  of  gallons 
per  day,  and  on  November  2  it  reached  4,240  millions.  Again,  on 
the  17th  the  flow  was  3,305  millions,  and  on  the  18th,  4,165  millions. 
It  then  gradually  decreased  to  1,845  millions  on  the  day  when  the 
sample  was  drawn.  Thus  the  Thames  basin  had  been  twice  very 
thoroughly  washed  out  immediately  before  the  time  when  the 
November  sample  was  taken.  There  had  previously  been  no  such 
floods  after  the  5th  of  January  in  that  year.  This  condition  of  things 
affords  a  fairly  satisfactory  explanation  of  the  anomalous  result 
yielded  by  this  sample. 


III.  "  The  Cause  of  Luminosity  in  the  Flames  of  Hydrocarbon 
Gases."  By  Vivian  B.  Lewes,  Professor  of  Chemistry  at 
the  Royal  Naval  College,  Greenwich.  Communicated  by 
Professor  THORPE,  F.R.S.    Received  February  14,  1895. 

In  a  paper  read  before  the  Chemical  Society  in  1893, 1  showed 
that  in  the  inner  non-luminous  zone  of  a  flame  of  ordinary  illuminating 
gas,  the  hydrocarbons  originally  present  in  the  gas,  and  consisting  of 
ethylene,  butylene,  benzene,  methane,  and  ethane,  became  converted  by 
the  baking  action  of  the  walls  of  flame  between  -which  they  had  to  pass 
into  acetylene,  and  that  at  the  moment  when  luminosity  commenced, 
over  80  per  cent,  of  the  total  unsaturated  hydrocarbons  present 
consisted  of  this  compound. 

The  presence  of  acetylene  at  the  point  where  luminosity  commenced 
naturally  suggested  that  it  was  in  some  way  due  to  actions  in  which 
the  acetylene  played  the  principal  part — either  that  it  split  up  into 
carbon  and  hydrogen  under  the  influence  of  heat,  and  so  supplied  the 
flame  with  the  solid  particles  necessary,  according  to  Sir  Humphry 
Davy's  theory  of  the  cause  of  luminosity,  or  else  by  its  polymerisation 
it  formed  the  dense  vapours  required  by  Dr.  E.  Frankland's  more 
recent  hypothesis. 

In  order  to  elucidate  this  point,  I  carried  out  the  long  series  of 
experiments  upon  the  action  of  heat  upon  flowing  ethylene  and  other 
hydrocarbons,  which  formed  the  subject  of  communications  to  the 
Boyal  Society  in  1893  and  early  this  year,  in  which  I  showed  that 
whilst  flowing  through  a  heated  area  (the  temperature  of  which  was 
between  800°  and  1000"  C),  ethylene  decomposed  according  to  the 
equation 

3C,H4  =  2C2H,+2CH4, 

and  that  the  acetylene  then  polymerised  into  a  large  number  of  more 
complex  hydrocarbons,  amongst  which  benzene  and  naphthalene  were 
conspicuous,  whilst  at  temperatures  above  1200"  C,  no  polymerisation 
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took  place,  bnt  the  acetylene  formed  from  the  ethylene  decomposed 
at  once  into  carbon  and  hydrogen,  -whilst  the  methane,  which  np  to 
this  temperature  had  been  bat  little  affected,  decomposed  into 

2CS4  ^  ^S^S'I'S), 

and  this  fresh  snpply  of  acetylene  at  once  broke  np  to  carbon  and 
hydrogen,  so  that  at  temperatures  above  1200^  G.  the  complete 
action  might  be  looked  npon  as  being 

C,H4  =  C,+2Ha. 

These  results  have  an  important  beariug  upon  the  cause  of  the 
luminosity  in  the  flame,  as  it  is  manifest  that  if  the  temperature 
of  the  luminous  zone  is  above  1200"  C,  the  light  emitted  must  be 
due  to  incandesceut  particles  of  carbon,  and  not  to  incandescent 
hydrocarbon  vapours. 

On  determining  the  temperature  of  an  ethylene  flame  whilst  burn- 
ing from  a  small  fish-tail  burner  by  means  of  the  Le  Chatelier  thermo- 
couple, used  in  the  way  described  in  my  paper*  on  the  luminosity  of 
coal-gas  flames,  1  found  that  the  temperatures  were  as  follows : — 

Height  above 
Portion  of  flame.  burner.  Temperature. 

Non-luminous  zone ^  inch.  952°  G. 

Gommencement  of  luminosity  ...  1^     „  1340 

Top  of  luminous  zone 2       „  1865 

Sides  of      „  „     1875 

showing  that  luminosity  commenced  at  1340°  G.,  and  continued  even 
at  1875"*  G.,  temperatures  at  which  the  incandescent  vapour  theory 
becomes  untenable. 

It  might  be  urged  that  the  heavy  hydrocarbons  already  produced 
at  a  lower  temperature  in  the  non-luminous  zone  are  not  so  easily 
decomposed  by  heat  as  acetylene,  and  that  these  may  be  causing  the 
luminosity,  even  though  carbon  particles  be  present  from  the  decom- 
posed acetylene ;  but  this  would  hardly  be  possible,  as  so  little  besides 
acetylene  is  to  be  found  at  the  top  of  the  non-luminous  zone  of  an 
ethylene  flame,  and  it  can  be  experimentally  shown  that  even  when 
beczene  vapour  is  formed  and  is  largely  diluted  it  begins  to  break  up 
and  deposit  carbon  at  1200"*  G. 

The  supporters  of  the  "  solid  particle  "  theory  of  luminosity  agree 
in  concluding  that  the  liberated  carbon,  existing  as  it  does  in  a  con- 
dition of  molecular  division,  is  heated  to  incandescence  partly  by  its 
own  combustion,  and  partly  by  the  combustion  of  the  hydrogen  and- 
carbon  monoxide  going  on  around  the  finely-divided  carbon  particles. 

•  *  Chem.  Soc.  Journal/  1893. 
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As  has  been  pointed  out  by  many  observers,  it  is  clear  that  the 
carbon  particles  themselves  andergo  combustion,  otherwise  they  would 
escape  unbamt  from  the  flame,  whilst  it  is  manifest  that  the  com- 
bnstioii  of  hydrogen  and  carbon  monoxide,  which  plays  so  important 
a  part  in  the  flame,  must  add  its  iota  to  the  temperature  attained  by 
them. 

Both  these  sources  of  temperature,  however,  would  be  manifest  in 
the  flame  itself,  and  with  flames  of  given  size  burning  from  the  same 
description  of  jet  we  ought  to  find  that  their  luminosity  is  governed 
by- 

A.  The  temperature  of  the  flame. 

B.  The  number  of  carbon  particles  in  a  given  area. 

Moreover,  we  should  expect  that  the  higher  the  temperature  of  the 
flame,  the  whiter  would  be  the  light  emitted,  so  that  a  comparatively 
low  temperature  flame,  even  when  rich  in  carbon  particles,  would 
be  yellow  and  lurid  as  compared  with  a  flame  containing  the  same  or 
a  smaller  number  of  particles,  but  which  had  a  higher  temperature. 

It  has  been  pointed  out  by  Professor  A.  Smithells*  that  it  is 
erroneous  to  consider  the  temperature  of  a  flame  as  being  the  tem- 
perature recorded  by  thermometric  instruments  inserted  into  the 
flame,  as  by  such  devices  you  only  obtain  the  mean  temperature  of  a 
considerable  area  of  the  flame  uncorrected  for  loss  from  conduction. 

It  is  also  perfectly  well  known  that  in  a  flame  a  thick  platinum 
wire  may  only  be  heated  to  redness,  whilst  a  thin  wire  may  even  be 
fused,  and  this  suggests  that  flame  temperatures  taken  by  the  Le 
Cbatelier  thermo-couple  of  platinum  and  platinum-rhodium  wires 
may  be  totally  incorrect.  In  using  this  beautiful  and  convenient 
device,  I  have  found  that  the  length  of  the  wires  twisted  together 
made  piactically  no  difference  in  the  recorded  temperature,  and  that 
one  twist  was  as  good  as  six. 

In  all  my  flame  experiments  I  have  made  the  twist  as  short  as 
possible,  and  by  always  using  wires  of  the  same  thickness  have 
obtained  results  which  are  at  any  rate  comparable  if  not  correct,  and 
in  order  to  find  what  difference  the  thickness  of  the  wires  would  make, 
I  got  Messrs.  Johnson  and  Matthey  to  draw  for  me  wires  of  0*018, 
O'OIl,  and  0*003  of  an  inch  diameter,  and  having  calibrated  the 
galvanometer  scale  for  temperature  with  thermo-couples  of  the  same 
length  of  twist  made  from  each  of  them,  obtained  the  foUowinf^ 
results  with  the  same  portion  of  a  Bunsen  flame. 

Wire  used.  Temperature  thown. 

0-018  1617**  C. 

0011  1728 

0003  1865 

•  '  PhU.  Mag.,'  1894,  p.  240. 
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These  results  show  that  the  diameter  of  the  wire  serionslj  affects 
the  temperature  recorded  under  these  conditions  by  the  thermo- 
couple, the  same  degree  of  heat  being  recorded  by  the  fine  wire  as 
being  248^  hotter  than  is  shown  by  the  thickest  wire  employed,  this 
discrepancy  being  probably  chiefly  due  to  loss  by  conduction. 

In  taking  the  temperature  of  heated  gas  flowing  through  a  tube 
this  source  of  error  is  but  small,  as  some  considerable  length  of  wire 
being  heated  on  each  side  of  the  twist,  conduction  has  but  little  effect 
on  the  thermo-couple  itself,  but  in  determining  the  temperature  of 
flames  it  is  manifest  that  the  finest  usable  wire  must  be  employed  in 
order  to  reduce  the  error  from  conduction.  Test  experiments  also 
showed  that  no  part  of  the  thermo-couple  must  project  beyond  the 
flame,  as  if  it  did  a  considerable  diminution  in  the  recorded  temperature 
took  place. 

For  these  reasons  it  was  manifestly  best  to  use  the  finest  wire 
which  could  be  employed  without  the  risk  of  fusing  at  the  tempera- 
tures existing  in  the  flames  to  be  tested ;  and  all  temperatures 
recorded  in  this  paper  were  made  with  wire  OOll  in.  in  diameter, 
the  twist  being  as  short  as  possible,  so  that  it  is  probable  that, 
although  the  temperatures  may  be  from  100°  to  200°  too  low,  yet  the 
results  are  strictly  comparable. 

Experiments  which  I  have  lately  made  with  pure  acetylene,  prepared 
by  the  action  of  water  upon  calcic  carbide,  show  it  to  be  the  most 
powerful  illuminant  to  be  found  amongst  the  gaseous  hydrocarbons, 
as  when  burnt  in  a  small  flat  flame  burner  under  the  most  suitable 
pressure,  and  its  illuminating  power  calculated  to  a  flow  of  5  cubic  ft. 
an  hour,  its  value  is  equal  to  about  240  candles. 

The  colour  of  the  flame  is  pure  white,  and  an  ethylene  flame  beside 
it  looks  yellow  and  dull — the  purity  of  the  light  at  once  suggesting 
a  Tery  high  condition  of  incandescence  in  the  particles  of  carbon 
present  in  the  flame. 

On  now  taking  the  temperature  of  the  yarious  portions  of  the 
flame,  and  comparing  these  with  the  temperatures  obtained  in  the 
same  way  with  the  ethylene  flame  and  a  coal-gas  flame  of  the  same 
size,  the  following  results  are  obtained  : — 

Portion  of  flame.  Acetylene.  Ethylene.  Coal  gas. 

Non-luminous  zone 459**  C.       952**  C.  1023'*  C. 

Commencement  of  luminosity. .    1411  1340  1658 

Near  top  of  luminous  zone  ....    1517  1865  2116 

whilst  the  illuminating  values  of  the  gases  calculated  to  a  flow  of 
5  cubic  ft.  an  hour  in  the  burners  best  suited  for  their  consumption,  are 

Acetylene   240*0 

Ethylene 68*5 

Coal  gas 16-8 
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whilst  if  all  were  compared  when  boming  from  flat-flame  bomers 

of  the  same  size  as  those  in  which  the  temperatures  were  determined, 

the  results  when  calculated  to  a  consumption  of  5  cubic  ft.  an  hour 

would  be 

Acetylene 211*0 

Ethylene 315 

Coal  gas nil 

Here  then  we  have  the  anomaly  of  three  g^ases,  which  not  only  do 
not  conform  to  the  preconceived  expectation,  but  which  have  their 
ratio  of  temperature  and  illuminating  value  directly  opposed  to  each 
other. 

In  the  case  of  the  acetylene  and  ethylene,  moreover,  the  molecules 
contain  the  same  number  of  atoms  of  carbon,  and  yet  we  obtain  so 
enormous  a  discrepancy  in  their  illuminating  value. 

The  fact  that  there  is  no  apparent  relation  existing  between  the 
temperature  of  the  flame,  or  the  probable  number  of  carbon  particles 
contained  in  it  and  its  illuminating  value,  at  once  suggests  that  the 
luminosity  must  be  in  great  part  governed  by  some  thermo-chemical 
changes  taking  place  in  the  flame  itself,  and  which  do  not  of  necessity 
affect  the  average  temperature  of  the  flame  to  any  great  degree. 

The  researches  of  Hittorf*  and  Siemens  show  that  air,  steam,  and 
the  oxides  of  carbon,  even  when  heated  to  temperatures  above  those 
existing  in  luminous  hydrocarbon  flames,  are  perfectly  non-luminoas, 
and  the  fact  that  the  Bunsen  flame,  when  supplied  with  sufficient  air, 
has  a  temperature  exceeding  1800^  C.  in  its  hottest  part,  and  yet 
emits  no  light,  shows  us  that  it  is  exceedingly  unlikely  that  any 
interactions  leading  to  luminosity  take  place  amongst  these  ordinary 
flame  gases. 

The  £bu^  that  most  of  the  unsaturated  hydroca«rbons  in  the  flame 
are  converted  into  acetylene  before  luminosity  commences,  naturally 
draws  one's  attention  to  this  body,  and  the  fact  that  it  is  highly 
endothermic,  at  once  suggests  the  idea  that  it  may  be  the  liberation 
of  heat  during  its  decomposition  that  endows  the  carbon  particles 
produced  from  it  with  an  incandescence  far  higher  than  any  which 
could  be  expected  from  the  temperature  of  the  flame. 

Berthelot  has  calculated  that  the  temperature  developed  by  the 
detonation  of  acetylene  at  constant  volume  is  no  less  than  6220°  C, 
and  if  this  be  imparted  at  the  moment  of  its  liberation  to  the  products 
of  its  decomposition,  the  incandescence  of  the  carbon  particles  is  at  once 
explained. 

If  luminosity  be  even  partly  due  to  this  cause,  the  detonation  of 
pure  acetylene  first  recorded  by  Berthelot  should  develop  light.  In 
order  to  see  if  this  were  so,  a  thin  glass  tube,  closed  by  a  cork,  had 

•  '  Wied.  Ann.,*  rol.  7,  pp.  587,  691. 
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a  detonator  contaiDing  one-tenth  of  a  gram  of  mercuric  fulminate 
saspended  in  it  by  two  copper  wires,  which  were  connected  by  a  thin 
platinum  wire  in  contact  with  the  fnlminate,  and  on  firing  the 
detonator  by  the  electric  current  the  flash  of  the  fnlminate  was 
found  to  emit  but  a  feeble  light. 

The  same  charge  was  fixed  in  a  similar  tube  filled  with  pure 
acetylene  collected  over  mercury,  the  result  being  a  flash  of  intense 
white  light  and  the  shattering  of  the  tube,  the  pieces  of  which  were 
tbickly  coated  with  the  carbon  produced  by  the  decomposition  of  the 
acetylene. 

Moreover,  the  small  piece  of  white  tissue  paper  used  to  contain  the 
fulminate  was  only  scorched  at  the  points  where  the  explosion  of  the 
fulminate  had  burst  through  it,  showing  that  in  the  instantaneous 
decomposition  which  had  taken  place,  the  intense  heat  which  had 
been  developed  either  was  confined  to  the  products  of  decomposition, 
or  else  had  not  had  time  to  scorch  the  paper. 

The  experiment  at  first  sight  seemed  conclusive  evidence  that  it 
was  the  endothermic  nature  of  the  acetylene  which,  during  its  decom- 
position in  the  flame,  endowed  the  particles  of  carbon  with  the 
necessary  incandescence,  but  the  objection  presented  itself  that,  when 
exploding  mixtures  of  oxygen  and  hydrogen  in  the  eudiometer,  a 
distinctly  luminous  flash  is  produced,  and,  although  the  light  so 
obtained  is  feeble  as  compared  with  the  intensity  of  the  white  light 
produced  by  the  detonation  of  the  acetylene,  still  further  proof  is 
necessary  before  this  action  can  be  accepted  as  the  prime  factor  in 
producing  luminosity. 

It  is  also  manifest  that  it  would  not  do  to  assume  that  the  rapidity 
of  the  decomposition  of  the  acetylene  in  a  flame  was  nearly  so  great 
as  when  the  undiluted  gas  was  detonated,  and  the  question  arose  as 
to  whether  it  would  be  possible  to  obtain  evidence  as  to  acetylene, 
when  exposed  to  heat  alone,  liberating  carbon  in  a  luminous  con- 
dition. 

Alihough  the  instantaneous  liberation  of  heat  on  the  decomposition 
of  the  gas  by  detonation  appears  to  confine  the  temperature  to  tho 
products  of  its  decomposition,  it  was  to  be  expected  that,  on  being 
decomposed  by  heat,  and  probably,  therefore,  at  a  slower  rate,  the 
increase  in  temperature  might  be  detected. 

To  try  this,  pure  acetylene  was  passed  through  a  platinum  tube 
^  mm.  in  diameter  and  40  cm.  long,  in  which  the  Le  Chatelier 
thermo-couple  was  arranged  as  follows : — The  two  wires  were  twisted 
together  for  a  length  of  3  mm.,  and  the  wires  on  either  side  of  the 
twist  are  then  passed  through  thin  glass  tubes,  which  are  fused  on  to 
them;  having  been  in  this  way  coated  with  glass  so  that  only  the 
twist  is  exposed,  they  are  passed  through  the  platinum  tube,  the 
^lass  insulating  the  wire  from  the  metaJ  of  the  tube,  and  also  keeping 
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the  thermo-janction  in  such  a  position  that  it  registers  the  tempera- 
tures of  the  gas  in  the  tnbe,  not  that  of  the  wall  of  the  tnbe.  To 
each  end  of  the  platinum  tnbe  glass  "^-pieces  are  fitted,  down  the 
stems  of  which  the  wires  pass  to  mercnry  seals ;  from  the  metal  seals 
conducting  wires  lead  to  the  resistance  coils,  the  key,  and  a  reflecting 
galvanometer. 

A  steady  flow  of  acetylene  was  allowed  to  pass  through  the  tnbe, 
and  was  led  into  water  at  the  other  end.  The  tube  was  slowly  and 
carefully  heated  for  about  4  in.  of  its  length,  and,  as  the  tempera- 
ture reached  700**  C,  white  vapours  began  to  flow  firom  the  tube,, 
and  these,  as  the  temperature  rose,  increased  in  quantity.  The 
source  of  heat  had  been  so  regulated  that  the  temperature  had  risen 
abont  10°  per  minute,  but,  almost  immediately  800°  C.  was  passed,  the 
galvanometer  registered  a  sudden  leap  up  in  temperature  to  abont 
1000°  C,  whilst  finely-divided  carbon  poured  from  the  tube.  This 
seemed  to  indicate  that  800**  was  about  the  temperature  at  which  the 
pore  acetylene  broke  up  into  its  constituents,  and  an  experiment  was 
now  made  to  see  if  this  developed  incandescence  in  the  liberated 
carbon. 

A  small  glass  combustion  tube  was  well  supported^  and  heated  to 
the  highest  temperature  attainable  with  one  of  Fletcher's  big  blow- 
pipes, whilst  pure  acetylene  was  slowly  flowing  through  it,  the 
heating  not  being  commenced  until  the  tube  was  filled  with  the  pure 
gas,  all  air  being  thoroughly  rinsed  ont.  As  the  temperature  reached 
the  softening  point  of  the  glass,  the  acetylene  apparently  burst  into  a 
lurid  flame  at  the  point  where  it  entered  the  zone  of  heat,  and  clouds 
of  carbon  swept  forwards  through  the  tube ;  but,  although  the  carbon 
particles  had  to  traverse  an  inch  or  more  of  tube  more  highly  heated 
than  the  point  of  entering  the  hot  zone,  it  was  only  at  this  latter 
point  that  the  luminosity  was  developed,  proving  beyond  doubt  that 
it  was  the  heat  evolved  by  the  decomposition,  and  not  the  external 
heating,  which  caused  the  carbon  particles  to  emit  light. 

If  it  is  the  decomposition  of  the  molecule  of  acetylene  which 
develops  the  heat  which  is  the  cause  of  the  incandescence  of  the 
carbon  particles,  then,  if  acetylene  could  be  burnt  without  decomposi- 
tion, a  non-luminous  flame  should  be  produced.  It  is  conceivable 
that  this  might  be  done  by  so  diluting  the  acetylene  that  it  would 
require  a  much  higher  temperature  to  break  it  up. 

It  was  Heumann  who  showed*  that  hydrocarbon  gases  may  bum 
with  luminous  flames,  ^.e.,  with  separation  of  carbon  in  the  flame,  or 
with  non-luminous  flames,  i.e.,  without  any  separation  of  carbon,  and 
that  the  maintenance  of  a  high  temperature  is  an  essential  condition 
of  luminosity :  a  flame,  the  temperature  of  which  has  been  lowered 
by  any  means,  being  no  longer  able  to  bring  about  the  required 

•  *  Liebig'8  Annalen,*  vol.  188,  Part  I,  pp.  102—181. 
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separation  of  carbon.  He  also  points  out*  that  "  combustible  matter, 
when  diluted  with  indifferent  gases,  requires  to  be  maintained  at  a 
higher  temperature,  in  order  that  it  may  bum  with  a  luminous  flame, 
than  when  it  is  undiluted  with  such  gases." 

Dr.  Percy  Frankland,  in  his  researches  on  the  effect  of  diluents 
upon  the  illuminating  value  of  hydrocarbons,!  showed  that  ethylene, 
which  was  capable  of  developing  a  light  of  68*5  candles  power  when 
burnt  by  itself,  became  non-luminous  when  diluted  with  about : — 

Hydrogen   90  per  cent. 

Carbon  monoxide 80        „ 

Carbon  dioxide 60        „ 

Nitrogen 87        „ 

results  which  all  show  that  excessive  dilution  by  inert  gases  destroys 
luminosity. 

In  order  to  see  if  dilution  had  the  same  effect  upon  acetylene, 
experiments  were  made  by  diluting  it  with  pure  hydrogen.  The 
gases  were  mixed  over  water,  the  proportion  of  acetylene  actually 
present  in  the  gas  being  determined  by  analysis  at  the  burner,  and 
although  the  water  in  both  holder  and  meter  was,  as  far  as  possible, 
saturated  with  the  gas,  yet,  as  the  analyses  show,  the  precaution  was 
an  important  one. 


^ * >  Illuimnaiiiig 


Composition  of  mixture. 

* 

Made  in  holder.  At  burner.  ralue  of  mixture 

/ * ^         / ^ V        per  6  c.c.  when 

Hydrogen.      Acetylene.        Hydrogen.  Acetylene,    burnt  in  00  Brav. 

90  10  90-5  9-5  nil 

80  20  81-5  18-5  1-8 

70  30  65-5  34-5  140 

50  50  43-5  56-5  870 

Showing  that  dilution  with  between  80  and  90  per  cent,  of  hydrogen 
rendered  the  acetylene  non-luminous  when  the  mixture  was  burnt 
from  a  burner  suitable  for  the  higher  values  of  gas. 

In  order  to  determine  the  point  at  which  luminosity  was  destroyed 
when  consuming  the  mixture  in  a  burner  suited  to  develop  the  light 
from  a  gas  of  low  illuminating  power,  the  experiment  was  repeated, 
using  a  3-in.  flame  burning  from  the  London  argand,  and  also  from  a 
No.  4  Bray  union  jet,  the  latter  being  employed  as  it  is  difficult  to 
determine  the  temperature  in  the  argand  flame. 


•  *  Liebig's  Annalen/  toI.  183,  Part  I,  pp.  102—131. 
t  '  Chem.  See.  Jour.,*  toI.  45,  p.  30  and  p.  227. 
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Hlominating  Talae 
AnalyaiB  of  mixturo.  per  6  cub.  ft. 


r N    •       / \ 

Hydrogen.         Acetylene.  Argand.        "So,  4  Bray. 

92  8  Not  measnrAble 

91  9  Not  xaeasurable 

88-5  14-5  41  17 

so  that  Imninositj  would  be  destroyed  in  tbe  argand  by  dilntioiL  with 
about  90  per  cent,  hydrogen,  and  in  the  No.  4  Bray  with  about  88 
per  cent. 

The  next  point  to  be  determined  was  whether  the  deetmoticm  of 
luminosity  in  the  diluted  acetylene  flame  was  in  realily  due  to  dilu* 
tion  rendering  it  necessary  to  employ  a  higher  temperature  for  th« 
decomposition  of  the  acetylene,  or  to  other  causes. 

In  order  to  do  this,  a  tube  made  of  specially  infusible  glass  4  nun. 
in  diameter  was  taken,  and  the  Le  ChateHer  thermo-couple  was 
fitted  into  it  in  the  same  way  as  before,  used  with  the  platinum  tnbe, 
and  all  air  having  been  rinsed  out  by  a  current  of  the  mixture  to  be 
experimented  with,  the  gas  was  allowed  to  pass  at  a  steady  rate  of 
flow  through  the  tube>  the  point  at  which  the  thermo-couple  was 
situated  being  steadily  heated  by  the  Fletcher  blowpipe,  whilst  the 
temperature  recorded  on  the  scale  was  noted  the  moment  that  incan- 
descent liberation  of  carbon  commenced. 

Temperature  necessaiy 

to  cause  deposition  of 

carbon  with  luminosity. 

780**  C. 

896 
1000 

It  was  found  impossible  to  obtain  a  glass  tube  which  would  stand 
temperatures  higher  than  this;  but  on  plotting  out  the  points  so 
obtained,  and  which  give  a  fairly  straight  line,  it  is  seen  that  even  if 
the  increase  in  temperature  only  continues  for  increased  dilution  in 
the  same  ratio  as  shown  in  the  experimental  determinations,  which 
is  extremely  unlikely,  the  reason  of  the  destruction  of  luminosity  in 
highly-diluted  hydrocarbon  gases  is  at  once  explained,  as  an  increase 
of  each  10  per  cent,  in  the  dilution  would  necessitate  an  increase  of 
100°  G.  in  the  temperature  of  the  flame,  and  with  90  per  cent,  dilu- 
lution  a  temperature  of  over  1700**  C.  would  be  required  to  bring 
about  decomposition. 

My  reason  for  believing  that  it  is  highly  improbable  thac  when 
dilution  is  great  it  only  requires  the  same  increment  in  temperature 
to  bring  about  decomposition  as  when  the  dilution  is  small,  is  that  in 
all  the  work  1  have  done  on  the  effect  of  diluents  upon  luminosity, 
and  also  in  Professor  Percy  Frankland's  researches  upon  the  same 


Percentage  composition  of  gas. 

Acetylene. 
100 
90 

80 

Hydrogen. 
0 

10 

20 
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subject,  dilution  with  hydrogen  and  carbon  monoxide  acts  regularly, 
and  decreaseB  the  Talae  of  the  illnminant  in  a  direct  ratio  down  to 
abont  50  per  cent.,  whilst  when  tbe  degree  of  dilation  exceeds  60  per 
cent,  a  rapid  falling  away  in  the  laminosity  takea  place,  a  fact  which 
I  think  points  clearly  to  a  regular  pro  rata  rise  of  temperature  being 
needed  for  increase  in  dilation  up  to  between  50  and  60  per  cent., 
whilst  higher  degrees  of  dilution  need  a  far  greater  rise  of  tempera- 
ture in  order  to  bring  about  decomposition. 

Moreover  it  would  be  manifestly  incorrect  to  look  upon  the  per- 
centage of  acetylene  present  in  the  gas  issaing  from  the  bomer  as 
being  ainy  guide  to  the  degree  of  dilution  exiating  at  the  point  at 
which  luminosity  oommences.  As  the  two  small  streamBof  gas  issuing 
from  the  holes  in  the  anion  jet  meet  and  splay  themselves  out  into 
the  flat  flame,  they  draw  in  with  them  a  considerable  proportion  of 
air,  the  quantity  being  governed  by  the  pressure  of  the  gas  at  the 
burner. 

This  can  be  clearly  seen  by  the  fact  that  a  high  value  gas  which 
bttms  from  a  union  jet  burner  of  a  given  size  with  a  smoky  flame, 
under  a  gas  pressure  of  half  an  inch  of  water,  will  bum  with  a 
bright,  smokeless,  and  rigid  flame  of  greatly  increased  illuminating 
value  when  the  pressure  is  raised  to  2  in.,  whilst  an  ordinary  coal 
gas  of  16-oandle  value  must  be  burnt  from  a  flat  flame  burner  at  a 
pressure  of  about  075  in,  if  the  best  results  are  to  be  obtained,  the 
increase  in  air  drawn  in,  if  the  pressure  rises  to  a  much  higher  degree, 
diminishing  the  illuminating  value. 

Then,  again,  the  area  of  non-luminous  oonLbustion  in  a  mixture  of 
gases  like  coal  gas  means  that  some  at  least  of  the  faydrocarbons  are 
consumed  before  the  required  temperatere  for  their  decomposition  is 
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reached,  whilst  the  prodncts  of  comhtistioii  formed  in  the  lower  part 
of  the  flame  are  mixed  with  the  flame  gases,  partly  by  diffusion  and 
partly  by  being  drawn  into  it  by  the  npward  msh. 

When  a  simple  hydrocarbon  like  ethylene  op  acetylene  is  burnt 
alone,  the  whole  of  the  heat  required  to  bring  abont  the  decomposi* 
tion  has  to  be  generated  by  the  combustion,  without  deoompositioii, 
of  a  considerable  proportion  of  the  hydrocarbon,  and  this  means  con- 
siderable dilution  at  the  spot  where  the  luminosity  commenoeSy  so 
that  at  the  top  of  the  non-luminous  zone  of  an  acetylene  flame  there 
is  only  some  14  or  15  per  cent,  of  acetylene  present,  dilated  with 
nitrogen,  hydrogen,  water  yapour,  and  the  oxides  of  carbon,  whilst^ 
with  a  mixture  of  10  per  cent,  acetylene  and  90  per  cent,  of  hydrogen* 
in  some  cases  little  or  no  acetylene  could  be  found  at  the  top  of  tha 
inner  zone  of  the  flame,  it  either  having  diffused  with  the  hydrogen 
and  been  consumed,  or  polymerised  to  other  compounds. 

It  is  manifest  that  the  luminosity  of  a  flame  will  be  gOT«Ried, 
not  by  the  percentage  of  acetylene  in  the  gas,  but  at  the  point  at 
which  the  temperature  is  sufficiently  high  to  bring  about  deoom* 
position. 

If,  instead  of  making  a  mixture  of  90  per  cent,  hydrogen  and  10 
per  cent,  acetylene,  the  hydrogen  is  burnt  at  the  end  of  an  open 
platinum  tube,  which  has  a  fine  platinum  tube  passing  up  the  centre- 
to  the  top  of  the  inner  zone  of  the  flame,  and  if  the  acetylene  be 
passed  into  the  flame  at  the  rate  of  one  volume  for  every  ten  of  the 
hydrogen,  not  only  do  we  obtain  an  intensely  luminous,  but  a  very 
smoky  flame. 

In  this  experiment  the  g^ses  were  issuing  from  their  respective 
tubes  at  the  same  pressure,  but  the  small  tube  soon  choked  from 
deposited  carbon,  and  it  was  found  that  the  same  results  could  be 
equally  well  attained  by  drawing  down  the  inner  tube  to  the  level  of 
the  hydrogen  tube,  and  making  the  acetylene  issue  at  a  slightly 
higher  rate  of  flow,  which  hurried  it  in  a  compact  stream  through 
the  inner  zone  of  the  hydrogen  flame. 

In  order  to  see  if  the  percentage  of  acetylene  present  at  the  top  of 
the  non- luminous  zone  bore  any  ratio  to  the  illuminating  value  of  the 
mixture,  experiments  were  made  in  which  mixtures  of  hydrogen  and 
acetylene  were  burnt  at  a  small  flat  flame  burner,  and  the  percentage 
of  acetylene  was  determined  by  gently  aspirating  out  some  of  the 
flame  gases  from  the  top  of  the  non-luminous  zone. 

Ulaminating 
Acetylene  at  top  of    raiue  of  flame 
non-luminouB  zone,     for  5  cub.  ft. 

372  140 

8-42  870 

14-95  240-0 


Analysis 

of  mixture  used. 

Hydrogen. 

Acetylene. 

65-5 

34-6 

43-5 

56-5 

00 

100-0 
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On  plotting  ont  these  resnltB,  they  certainly  seem  to  point  to 
the  foct  that,  with  flames  of  the  same  sise  burning  from  ^e  same 
burner,  the  light  emitted  by  the  flame  is  direotly  proportional  to  the 
percentage  of  acetylene  present  at  the  top  of  the  non-lnmiaonB  zone 
of  the  flame,  provided  always  that  the  temperature  is  anfficieutly 
high  to  completo  its  decomposition. 


It  is  perfectly  possible  for  the  tomperatnre  of  a  flame  to  be  so  little 
above  the  point  necessary  to  decompose  the  dilated  acetylene  that, 
whilst  some  decomposes  and  renders  the  flame  faintly  laminona,  the 
larger  portion  bums  without  decompositioa.  A  good  example  of  this 
is  to  be  fonnd  in  the  combastion  of  alcohol,  the  flame  of  which  con- 
tains as  mnch  acetylene  as  is  to  be  found  in  a  good  coal-gas  Same, 
bat  which  is  practically  almost  non-ltuninoas.  If  alcohol  in  a  small 
dish  be  ignited,  it  bums  with  a  faintly  laminons  flame,  and  if  a  bell- 
jar  is  placed  over  it,  some  of  the  prodncts  of  combastion  mingling 
with  the  flame  still  farther  cool  it  and  render  it  non-lnminons  ;  bat 
if  now  a  stream  of  oxygen  be  introduced  under  the  bell-jar  the 
temperature  of  the  flame  is  at  once  increased  and  becomes  highly 
luminous,  whilst  a  cold  porcelaiu  vessel  held  in  the  flame  is  coated 
with  soot. 

In  all  the  experiments  in  which  light  was  developed  in  heated 
tobes  by  the  decomposition  of  acetylene,  the  glow  of  the  carbon  was 
red  and  lurid,  the  light  emitted  being  of  the  same  character  and 
appearance  as  that  developed  by  the  combustion  of  potassium  in 
carbon  dioxide,  and  entirely  lacking  the  pare  white  incandescence  of 
the  acetylene  flame  as  burnt  from  a  flat-Same  bnmer. 

This  may  be  due  to  the  fact  that  in  the  open  flame  the  tempera- 
ture of  the  carbon  particles  is  presumably  due  to  three  sources  of 
heat: — 
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A.  Heat  derived  from  tbe  decomposition  of  the  acetylene  molecale. 

B.  Heat  derived  from  the  combustion  of  hydrogen,  carbon  mon- 

oxide, and  some  hydrocarbons  in  the  flame. 
G.  Heat  derived  from   the  combastion  of  the  carbon  particles 
themselves, 

whilst  in  tbe  tnbe  experiments  the  heat  of  the  walls  of  the  tube 
and  the  heat  of  decomposition  alone  are  acting,  and  it  is  evident 
that  the  intensity  of  the  heat  finding  its  way  through  the  walls  of 
the  tube  will  be  very  different  to  that  exercised  by  the  walls  of  burn- 
ing gas  which  enclose  the  Inininons  portion  of  the  flame,  and  there 
can  be  but  little  doubt  that  the  temperature  of  the  carbon  particles 
will  vary  enormously  with  the  rate  at  which  the  acetylene  decom- 
poses, as  the  more  quickly  tbe  action  takes  place,  the  greater  will  be 
the  localising  action  upon  the  heat  evolved,  and  the  higher  the  incan- 
descence of  the  carbon  particles. 

That  this  is  so  seems  certain  from  the  whiteness  of  the  flash  of 
light  emitted  when  the  acetylene  is  detonated,  and  experiments 
were  made  in  order,  if  possible,  to  gain  an  idea  as  to  how  much 
of  the  incandescence  of  the  carbon  particles  was  due  to  the 
endothermicity  of  the  decomposing  acetylene,  and  how  much  to 
the  action  cf  heat  and  combustion  on  the  carbon  particles  after 
formation. 

In  order  to  do  this,  a  non-luminous  flat  flame  of  large  size  was 
desired,  and  was  obtained  by  using  coal  gas  de-illuminated  by  slowly 
passing  it  through  bromine,  well  washing  with  sodic  hydrate  solntion 
and  water,  and  then  passing  it  through  strong  sulphuric  acid,  the 
gas  so  treated  having  an  illuminating  value  of  1*2  candles  for  5  cubic 
feet  when  burnt  in  the  London  argand  at  such  a  rate  as  to  g^ve  a 
8-in.  flame,  whilst  in  a  fish-tail  burner  it  gave  a  non-luminous 
flame.  This  gas  gave  on  analysis  the  following  percentage  compo- 
sition : — 

Carbon  dioxide    000 

Unsaturated  hydrocarbons    . .      0*00 

Carbon  monoxide    5*50 

Saturated  hydrocarbons 33*28 

Hydrogen 55*25 

Nitrogen 5*49 

Oxygen 0*48 

100-00 

80  that  its  combustion  would  give  practically  the  same  temperature 
and  flame  reactions  as  those  in  an  ordinary  gas  flame. 

A  very  fine  platinum  tube  was  now  obtained,  closed  at  one  end,  and 
with  ?iyQ  minute  holes  bored  in  a  line  close  to  the  sealed  end,  and 
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this  having  been  so  arranged  that  the  holes  were  bnried  in  the  flame 
jnst  at  the  top  of  the  inner  zone,  acetylene  was  then  gently  allowed 
to  flow  through  them  into  the  flame. 

At  the  points  where  the  acetylene  issued  into  the  flame,  small  areas 
of  intense  luminosity  were  produced,  whilst  the  liberated  carbon 
streaming  up  between  the  flame  walls  of  the  upper  zone  produced 
dull  red  bands  of  very  low  luminosity.  It  may  be  suggested  that 
the  carbon  particles  supplied  in  this  way  to  the  flame  may  haTe 
agglomerated  and  formed  masses  larger  than  those  produced  in  the 
ordinary  way,  but  I  do  not  think  this,  as  they  were  completely 
consumed,  and  no  smoke  escaped  from  the  crown  of  the  flame, 
whereas  if  a  flat  flame  is  interfered  with  in  such  a  way  as  to  cause 
the  carbon  particles  to  roll  themselves  together,  smoking  of  the  flame 
is  produced. 

I  think  the  inference  to  be  drawn  from  this  experiment  undoubtedly 
is  that  it  is  the  heat  of  decomposition  which  gives  the  high  incan- 
descence and  light  emitting  value  to  the  carbon  particles,  and  that 
the  temperature  of  the  combustion  of  the  other  flame  gases  and  finally 
of  the  carbon  itself  plays  but  a  secondary  part. 

In  considering  these  results,  it  seems  remarkable  that  if  acetylene 
owes  its  power  of  rendering  hydrocarbon  flames  luminous  to  its 
high  endothermic  properties,  that  cyanogen,  which  is  still  more 
endotbermic,  should  bum  under  all  conditions  that  have  at  present 
been  tried  with  a  non-luminous  flame. 

Heat  of  formation. 

Acetylene    C^H,     —47,770 

Cyanogen    CNa     —65,700 

It  is  clear  that  if  the  rapidity  of  decomposition  localises  the  heat 
evolved  to  the  products  of  decomposition,  and  that  this  renders  the 
liberated  carbon  particles  incandescent,  whilst  the  hydrogen  plays  at 
best  a  very  subsidiary  part,  it  ought  not  to  matter  whether  it  be 
hydrogen  or  nitrogen  which  is  combined  with  the  carbon. 

BeHhelot  showed  that  cyanogen  like  acetylene  could  be  detonated 
by  a  small  charge  of  mercuric  fulminate,  but  he  notes  that  the  test  is 
not  always  successful,  which  points  to  the  decomposition  of  this 
body  requiring  a  greater  expenditure  of  energy  to  break  up  the 
molecule  than  is  the  case  with  acetylene,  and  known  facts  would 
lead  us  to  expect  that  this  would  be  the  case,  as  although  exothermic 
compounds  become  less  and  less  stable  with  rise  of  temperature, 
endothermic  bodies  on  the  other  hand  become  more  stable, 
and  the  endothermicity  of  cyanogen  being  greater  than  that  of 
acetylene,  would  lead  one  to  expect  that  temperatures  which  would 
decompose  acetylene  would  have  no  effect  on  cyanogen,  and  that, 
as  during   the  combustion  of   cyanogen,  the  liberation  of  nitrogen 
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would  probably  have  a  dilnting  and  cooling  action,  the  cyanogen 
wonld  bum  directly  without  liberating  any  carbon  which  could  emit 
light. 

In  order  to  see  if  the  temperature  of  the  cyanogen  flame  when 
burnt  from  an  ordinary  flat  flame  burner  differed  much  from  that 
of  hydrocarbons  when  consumed  in  a  flame  of  the  same  size  and 
kind,  the  temperatures  were  experimentally  determined  by  the  same 
method  employed,  and  in  the  same  parts  of  the  flame  as  had  before 
been  done  with  acetylene,  ethylene,  and  coal  gas. 

Portion  of  the  flame.  Temperature. 

Centre  of  inner  zone   13?7°  C. 

Top  of  inner  zone    2085 

Near  top  of  outer  zone    1645 

Showing  that  the  cyanogen  flame  was  actually  hotter  than  the 
acetylene  and  ethylene  flames,  and  about  the  same  as  the  coal  gas 
flame,  but  that  the  heat  was  differently  distributed,  the  inner  zone 
being  far  hotter  than  in  the  other  gases,  whilst  the  maximum 
temperature  of  the  flame  was  at  the  apex  of  the  inner  zone,  instead 
of  being  nearer  the  top  of  the  flame. 

An  experiment  was  now  made  to  ascertain  if  it  were  possible  to 
decompose  cyanogen  with  luminous  deposition  of  carbon,  by  passing 
it  through  a  hard  glass  tube  heated  by  means  of  the  blowpipe  ;  but  at 
the  highBst  temperature  attainable  no  trace  of  any  deposition  of  carbon 
took  place,  showing  how  far  more  stable  cyanogen  is  under  the  influence 
of  high  temperatures  than  acetylene. 

The  structure  and  characteristic  appearance  of  the  cyanogen  flame 
have  been  explained  by  Smithells*  and  Dent,  who  conclude  that  the 
inner  zone  of  peach  blossom  tint  is  caused  by  the  combustion  of 
the  cyanogen  to  carbon  monoxide  and  nitrogen,  whilst  the  outer  blue 
cone  is  formed  by  the  oxidation  of  the  monoxide  to  dioxide,  the  green 
fringe  to  the  outer  cone  being  attributed  to  the  presence  of  small 
quantities  of  oxides  of  nitrogen ;  and  if  this  explanation  be  accepted, 
it  is  clear  that  we  could  not  obtain  luminosity  in  the  portion  of  the 
flame  immediately  above  the  inner  zone,  as  all  cynogen  has  been 
destroyed  without  decomposition  before  that  point  is  reached.  It  is 
conceivable,  however,  that  although  no  luminosity  can  be  detected 
in  a  cyanogen  flame,  and  although  the  temperature  which  can  be 
obtained  in  a  glass  tube  is  insufficient  to  break  up  the  compound  with 
luminous  separation  of  carbon,  yet  if  cyanogen  could  be  heated  to  a 
considerably  higher  temperature,  it  might  be  possible  to  decompose 
it  in  such  a  way  as  to  develop  luminosity. 

In  order  to  try  this  point,  a  hydrogen  flame  was  burnt  from  the 
end  of  an  open  platinum  tube  9  nmi.  in  diameter,  and  a  thin  platinnm 
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tube  2*5  mm.  in  diameter  was  passed  up  througli  the  broad  tube  to 
the  apex  of  the  inner  zone,  and  a  slow  stream  of  cyanogen  was 
admitted,  with  the  result  tbat  the  flame  at  once  became  luminous, 
and  on  surrounding  the  hydrogen  flame  with  an  atmosphere  of 
oxygen  to  increase  the  temperature,  the  luminosity  was  considerably 
increased. 

This  experiment  at  once  explains  the  cause  of  the  non-luminosity 
of  the  cyanogen  flame,  and  shows  that  it  is  purely  a  question  of 
temperature,  and  the  probabilities  are  that,  burnt  in  a  flame  which 
gave  sufficient  heat  to  rapidly  decompose  it,  nearly  as  high  an 
illuminating  value  as  that  of  acetylene  would  be  obtained. 

I  think  the  explanation  of  the  apparent  anomaly  of  the  cyanogen 
flame  having  a  higher  temperature  than  the  acetylene  and  ethylene 
flames,  is  to  be  found  in  the  fact  that  the  molecules  of  cyanogen 
are  consumed  without  previous  decomposition,  so  that  the  heat 
absorbed  during  the  formation  of  the  cyanogen  is  added  to  the 
heat  of  combustion,  and  raises  the  average  temperature  of  the  flame, 
whereas  with  acetylene  the  instantaneous  decomposition  of  the 
molecule  before  combustion  confines  the  heat  evolved  to  the  liberated 
products,  and  the  average  temperature  of  the  flame  is  but  little  more 
than  the  heat  of  combustion. 

If  the  luminosity  of  a  hydrocarbon  flame  is  principally  due  to  the 
localisation,  during  intensely  rapid  decomposition,  of  the  heat  of 
formation  in  the  products,  the  illuminating  values  of  such  hydro- 
carbon gases  as  contain  two  atoms  of  carbon  in  the  molecule  should 
bear  a  simple  ratio  to  their  heat  of  formation.     The  gaseous  hydro- 

carbons  are — 

Heat  formation  at 
Hydrocarbon.  Composition.       constant  pressure. 

Ethane C,H.  +25670 

Ethylene CH*  -  8000 

Acetylene C,H,  -47770 

and  although  they  may  undergo  many  changes  in  the  flame,  they  will 
all  ultimately  be  reduced  to  carbon  and  hydrogen  again  before  the  full 
luminosity  of  the  flame  is  developed. 

When  the  acetylene  into  which  these  hydrocarbons  is  converted 
by  heat  is  decomposed,  the  action  takes  place  with  such  enormous 
rapidity  that  one  would  expect  the  heat  evolved  to  simply  divide  itself 
amongst  the  liberated  atoms,  so  that  the  question  of  specific  heat  at 
high  temperatures  may  be  omitted. 

With  exothermic  compounds  like  ethane,  considerable  heat  will 
have  to  be  developed  by  its  own  combustion  before  it  is  converted 
into  the  acetylene,  which,  by  its  decomposition,  endows  the  flame 
with  luminosity,  and  if  we  take  the  ethane  and  call  its  light  pro- 
ducing energy  1,  we  can  then  obtain  a  ratio  of  such  energy  for  the 
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other  hydrocarbons  available  for  distribution  amongst  the  products 

of  decomposition. 

25670 

*^^*'*^°    26670  =^ 

256704-8000 
E%lene 25670  =  ^'^^ 

Acetylene   25670 ~  "^^^ 

These  ratios  must  now  be  divided  amongst  the  atoms  liberated  at 
the  moment  of  decomposition  from  the  molecule,  and  we  thus  obtain 
the  ratio  : — 

CsgLq.        Cjo^.  C3S2. 

1       rai       2-86 

8    '       6       '       4 

or  1     :     1-74     :     572 

The  determination  of  the  illuminating  value  of  a  gas  becomes  more 
and  more  difficult  the  higher  its  illuminating  value,  owing  to  the 
cooling  effect  of  the  small  burners  that  must  of  necessity  be  used  in 
order  to  ensure  complete  combustion.  Dr.  Percy  Frankland*  assigned 
the  illuminating  value  of  35  candles  to  ethane  as  the  mean  of  four 
tests,  which  varied  considerably  amongst  themselves,  and,  adopting 
his  figure,  the  calculated  illuminating  values  for  the  ethane,  ethylene, 
and  acetylene  would  be : — 

Illuminating  ralue. 

t * > 

Calculated.  Found. 

Ethane    1x35  =  35  35 

Ethylene 179  x  35  =  60-9         68*5 

Acetylene   5*72  x  35  =  200*2     240 

figures  which  are  far  nearer  the  experimental  ones  than  could  have 
been  expected,  considering  the  crude  character  of  the  calculation  and 
insufficient  data,  which  leads  to  omitting  altogether  such  important 
factors  as  the  amount  of  gas  consumed  to  bring  about  the  requisite 
temperature  of  decomposition,  the  specific  heat  of  the  products,  and 
the  thermal  value  of  the  change  from  gaseous  to  solid  carbon,  and  are 
of  no  value  except  as  showing  that  a  ratio  does  exist  between  heat  of 
formation  and  illuminating  value. 

Methane  is  the  only  other  gaseous  hydrocarbon  of  which  the  heat 
of  formation  is  known,  it  being  -t-  21750,  and  as  the  molecule  contains 
only  1  atom  of  carbon,  2  mols.  have  to  be  taken,  and  on  calculating 
the  probable  illuminating  value  by  the  same  method  as  was  applied 
to  the  other  hydrocarbons,  we  should  have — 
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2.5670+{25670-(21750x2)}^„, 

25670  -M 

and  the  illuminating  value,  as  determined  by  Mr.  Lewis  T.  Wright, 
is  5*2 ;  but  here,  again,  we  know  by  experiment  that  methane  requires 
a  very  high  temperature  to  bring  about  its  conversion  into  acetylene 
and  decomposition  into  carbon  and  hydrogen,  and  that  a  large 
portion  of  the  gas  must  be  burnt  without  decomposition  to  do 
this. 

The  facts  which  I  have  sought  to  establish  in  this  paper 
are : — 

1.  That  the  luminosity  of  hydrocarbon  flames  is  principally  due  to 
the  localisation  of  the  heat  of  formation  of  acetylene  in  the  carbon 
and  hydrogen  produced  by  its  decomposition. 

2.  That  such  localisation  is  produced  by  the  rapidity  of  its  decom- 
position, which  varies  with  the  temperature  of  the  flame  and  the 
degree  of  dilution  of  the  acetylene. 

3.  That  the  average  temperature  of  the  flame  due  to  combustion 
would  not  be  sufficient  to  produce  the  incandescence  of  the  carbon 
particles  within  the  flame. 

In  my  paper  on  the  action  of  heat  upon  ethylene,  brought  before 
the  Royal  Society  this  spring,  I  showed  that  the  decomposition  of 
ethylene  into  acetylene  and  simpler  hydrocarbons  was  mainly  due  to 
the  action  of  radiant  heat,  and  was  but  little  retarded  by  dilution, 
whilst  I  have  shown  in  this  paper  that  the  acetylene  so  produced 
requires  a  considerable  increase  in  temperature  to  bring  about  its 
decomposition  when  diluted,  and  it  is  possible  with  these  data  to 
give  a  fairly  complete  description  of  the  actions  which  endow  hydro- 
carbon flames  with  the  power  of  emitting  light. 

When  the  hydrocarbon  gas  leaves  the  jet  at  which  it  is  being  burnt, 
those  portions  which  come  in  contact  with  the  air  are  consumed  and 
form  a  wall  of  flame  which  surrounds  the  issuing  gas.  The  unbumt 
gas  in  its  passage  through  the  lower  heated  area  of  the  flame  under- 
goes a  number  of  chemical  changes,  brought  about  by  the  action  of 
radiant  heat  emitted  by  the  flame  walls,  the  principal  of  which  is  the 
conversion  of  the  hydrocarbons  into  acetylene,  methane,  and  hydro- 
gen. The  temperature  of  the  flame  quickly  rises  as  the  distance  from 
the  jet  increases,  and  a  portion  of  the  flame  is  soon  reached  at  which 
the  heat  is  sufficiently  intense  to  decompose  the  acetylene  with  a 
rapidity  almost  akin  to  detonation,  and  the  heat  of  its  formation, 
localised  by  the  rapidity  of  its  decomposition,  raises  the  liberated 
carbon  particles  to  incandescence,  this  giving  the  principal  pai't  of 
the  luminosity  to  the  flame ;  whilst  these  particles,  heated  by  the 
combastion  of  the  flame  gases,  still  continue  to  glow,  until  finally 
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tbemselyes  consumed,  this  external  heating  and  final  combustion 
adding  slightly  to  the  light  emitted. 

Any  unsaturated  hydrocarbons  which  have  escaped  conversion  into 
acetylene  before  luminosity  commences,  and  also  any  methane  which 
may  be  present  on  passing  into  the  higher  temperatures  of  the  lumin- 
ous zone,  become  converted  there  into  acetylene,  and  at  once  being 
decomposed  to  carbon  and  hydrogen,  increase  the  area  of  the  light- 
giving  portion  of  the  flame. 

My  thanks  are  due  to  Mr.  F.  B.  Grundy  for  the  help  he  has  given 
me  in  the  work  entailed  by  this  paper. 


IV.  "  A  possible  Explanation  of  the  two-fold  Spectra  of  Oxygen 
and  Nitrogen."  By  E.  C.  C.  Baly,  A.I.C.,  1851  Exhibition 
Scholar  in  University  College,  London.  Communicated 
by  Professor  Ramsay,  F.R.S.  Received  Febniary  27,  1895. 

(Abstract.) 

The  two  spectra  of  oxygen  are  shown  to  be  of  a  different  nature. 
They  behave  differently,  and  reasons  are  given  for  their  being  in  all 
probability  the  spectra  of  different  gases.  They  may  either  be  two 
spectra  produced  by  different  vibi'ations  of  the  oxygen  molecule,  or 
they  may  be  the  spectra  of  two  different  modifications  of  oxygen,  or 
the  spectra  of  two  distinct  gases  resulting  from  a  dissociation  of 
oxygen,  a  combination  of  which  is  called  oxygen. 

It  appeared  worth  while  to  undertake  experiments  with  a  view  of 
testing  the  last  of  these.  Oxygen  was  sparked  in  an  apparatus 
similar  to  that  used  by  Professor  J.  J.  Thomson  in  his  experiments 
on  the  electrolysis  of  steam.  Hollow  platinum  electrodes  were  used, 
each  one  of  which  was  connected  with  a  Sprengel  mercury  pump.  In 
the  first  experiments,  the  distance  between  the  electrodes  was  35  mm., 
and  the  highest  pressure  compatible  with  the  appearance  of  the  two 
spectra  was  made  the  starting  point  of  the  experiments.  In  these 
first  experiments  it  "^^as  .380  mm.  The  density  of  the  oxygen  before 
sparking  was  determined,  and  taken  as  a  test  of  its  purity.  The 
fractions  obtained  from  the  anode  and  cathode  were  weighed,  and  the 
resnlts  are  given.  They  follow  the  lines  of  J.  J.  Thomson's  results, 
inasmuch  as  with  long  sparks  a  lighter  fraction  was  obtained  at  the 
cathode,  and  with  short  sparks  a  heavier  fraction.  The  fractions  from 
the  anode  were  not  so  definite  as  from  the  cathode,  though  the  differ- 
ence was  in  the  right  direction.  The  probable  maximum  error  of 
weighing  was  O'OOOl  gram.  This  meant  exactly  one  in  the  second 
decimal  place  of  the  density  obtained.  The  general  accuracy  of 
the  results  may  be  gauged  from  the  densities  of  unsparked  oxygen 
obtained. 
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Density  of 
catliode  fraction 
with  long  sparks. 

15-78 

Density  of 

oxygen 
unsparked. 

16-88 

Density  of 

cathode  fraction 

with  short  sparks. 

1600 

16-79 

15-87 

i6-oi; 

15-80 

15-89 

16-02 

1579 

15-88 

16-04 

16-88 

16-06 
1605 

Mean  of  results  of  other  obseryers  =  15*887. 

Density  of  cathode  fraction  from  oxygen,  previously  for  three  days 
fractionated  with  short  sparks,  15-75. 
The  experiments  are  still  in  progress. 


V.  "On  the  Question  of  Dielectric  Hysteresis."  By  Alfred 
W.  Porter,  B.Sc,  Demonstrator  of  Physics,  University 
College,  London,  and  David  K.  Morris,  1851  Exhibition 
Scholar,  University  College,  London.  Communicated  by 
Professor  G.  Carey  Foster,  F.R.S.  Keceived  March  2, 
1895. 

The  condenser  on  which  the  following  experiments  were  made  is 
the  one  referred  to  in  a  paper  by  one  of  ns  read  before  the  Royal 
Society  on  Jnne  Ist,  1893  (*  Roy.  Soc.  Proc.,'  vol.  54,  p.  7).  It  is  a 
5-microfarad  condenser  of  tinfoil  and  paraffined  paper,  made  by  Messrs. 
Muirhead.  In  the  paper  referred  to  it  was  shown  that  when  it  is 
allowed  to  discharge  itself  throngh  a  coil  containing  induction  the 
rate  of  dissipation  of  energy  (calcnlated  from  the  damping  of  the 
oscillations  that  occnr)  is  greater  than  that  dne  to  the  resistance  of 
the  ontside  circnit :  the  additional  dissipation  being  eqnal  to  what 
wonld  have  taken  place  if  abont  59  ohms  had  been  added  to  the 
circnit  resistance. 

The  following  experiments  were  made  with  the  idea  of  ascertaining 
whether  this  additional  dissipation  is  the  result  simply  of  viscosity  in 
the  dielectric  of  the  condenser  or  to  true  hysteresis  of  the  charge 
with  respect  to  the  potential  difference  between  the  condenser  plates. 
A  sharp  distinction  is  not  always  made  between  the  two  phenomena ; 
it  cannot  be  too  clearly  borne  in  mind  that,  on  the  one  hand,  viscosity 
is  a  "  time  "  effect — t.e,,  it  depends  on  the  rate  of  change  of  the 
variables ;  while,  on  the  other  hand,  the  phenomenon  of  hysteresis 
does  not  in  any  way  involve  the  rate  at  which  the  changes  in  the 
quantities  are  made. 

Rapidly    performed  series   of  cycles,   snch    as  occnr  durmi^  ^\^ 
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oscillatory  discharge,  are  hence  unsaited  for  discriminating  between 
the  two  canses  :  to  test  whether  trae  hysteresis  exists  it  is  essential 
to  so  ari*ange  the  experiment  that  all  viscous  effects  shall  have  had 
time  to  subside  before  any  measurement  of  charge  is  made.  Hence 
the  interesting  experiments  made  during  the  last  three  years  by 
Riccardo  Amo,*  in  which  a  dielectic  cylinder  begins  to  rotate  when 
placed  in  a  rotating  electrostatic  field,  as  well  as  the  experiments 
made  by  P.  Janet,t  and  by  one  of  us  using  oscillatory  discharges,  do 
not  serve  as  test  experiments  on  this  question. 

The  arrangement  which  we  adopted  to  test  for  hysteresis  is  as 
follows  : — 

Fio.  1. 

BallvaUc 

— ® — 


Qalvanamettr. 


CcndeiMer 
■<^ ■ 


r  — 


rffff^gffqooirqoqdoo6tfcb<»qDooqocqgg'8gtttf\ 


Sky 


.rfl 


Bheo6t4U 


BiUtery 


A  battery  (E.M.F.  =  11  volts)  is  connected  permanently  in  simple 
circuit  with  the  ends  of  a  rheostat  of  850  ohms  resistance.  The 
condenser  terminals  can  be  put  in  contact  by  means  of  a  two-way 
switch,  with  one  end  A,  and  an  intermediate  point  B  of  the  rheostat. 

The  position  of  the  point  B  is  capable  of  continuous  adjustment, 
and  hence  also  is  the  difference  of  potential  between  the  condenser 

*  Published  in  the  '  Rendiconti  della  R.  Accademia  dei  Lincei,'  October  16, 
1892,  p.  284,  April  30, 1893,  p.  841,  November  12,  1893,  p.  260,  March  18,  1894, 
p.  272,  June  17, 1894,  p.  586,  NoTcmber  18,  1894,  p.  294.  For  translations  vide 
*  The  Electrician ,'  March  3,  June  23,  December  29,  1893,  and  January  18, 1895. 

t  "  Sur  les  Oscillations  £lectriques  de  F&riode  Mojenne,"  '  Joum.  de  Fbys.,' 
August,  1893.  For  other  recent  literature  on  the  subject  vide  A.  Hess,  "  Sur  les 
Dielectriques  Het^rog^nes,"  'Joum.  de  Phys.,'  ipnl,  1893;  Steinmetz,  'The 
£leetrician/  April  8, 1892  (from  the  'Electrical  Engineer  '  of  New  York). 
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terminals.  The  charge  that  the  condenser  possesses  at  any  time  can 
be  ascertained  bj  discharging  it  (by  means  of  the  switch)  through  a 
ballistic  galvanometer. 

Since  the  methods  for  testing  for  hysteresis  consist  in  putting  the 
thing  tested  through  cyclic  series  of  states,  it  is  essential  that  any 
change  of  state  involved  in  the  measuring  operations  should  itself 
form  part  of  a  cycle.  This  was  accomplished  by  making  ihe  cycles 
in  the  manner  indicated  in  Fig.  2,  which  has  been  drawn  as  it  might 
appear  if  considerable  hysteresis  were  present. 


Fig.  2. 


Poten^tiot  difference . 


Commencing  at  the  point  R  in  the  cycle  (t.e.  with  no  difference  of 
potential  between  the  terminals),  the  potential  difference  is  gradually 
increased  until  the  point  P  on  the  curve  is  reached ;  the  condenser  is 
then  discharged ;  the  portion  of  the  curve  PU  is  traced  during  the 
**  instantaneous  "  discharge,  and  the  galvanometer  indicates  the  loss 
of  charge  PT,  which  includes  whatever  viscous  flow  takes  place 
during  the  time  of  throw  of  needle  (2^  seconds).  While  the  galva- 
nometer is  still  in  connection  with  the  condenser  a  further  viscous 
flow  takes  place,  until,  if  the  cyclic  state  has  been  set  up,  the  start- 
ing point  B  is  arrived  at.  Before  allowing  the  switch  to  again 
connect  the  condenser  to  B  (Fig.  1)  the  rheostat  is  unwound  so  as 
to  bring  B  back  to  A  ;  there  is  then  no  potential  difference  between  B 
and  A,  and  the  condenser  receives  no  charge  when  the  switch 
completes  connection.  After  this  connection  has  been  made  the 
potential  difference  is  again  gradually  increased,  but  to  a  higher 
value  than  before — to  S  (say)  ;  it  is  gradually  diminished  till  it  has 
the  same  value  as  at  P ;  we  thus  arrive  at  a  point  Q  ;  the  condenser 
IS  then  discharged  through  the  galvanometer;  the  throw  of  the 
needle   measures  the  loss  of   charge  QT,  which  includes   the  same 
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Yiscotis  e£Fect  as  before;  the  point  U  is  reached  during  the  throw  of 
needle :  after  which,  a  farther  viscous  flow  takes  place,  nntil  (if  the 
cyclic  state  be  set  up)  the  point  B  is  returned  to  once  more. 

The  contact  B  is  moved  back  to  A  while  the  condenser  is  still 
detached  from  it ;  and  this  series  of  operations  is  then  many  times 
repeated. 

If  the  jdissipation  of  energy  in  the  condenser  is  due  to  hysteresis, 
then,  as  in  the  magnetic  analogue,  we  know  that  the  cyclic  curve 
will  embrace  an  area,  and  the  point  Q  will  not  coincide  with  the 
point  P ;  and  the  converse  of  this  is  also  true  if  time  has  been  given 
for  viscous  effects  to  subside. 

If,  on  the  other  hand,  experiment  shows  no  difference  in  the 
charge  when  at  Q  from  what  it  is  at  P,  there  can  be  no  hysteresis, 
unless  of  an  amount  so  small  as  to  elude  this  method  of  detecting  it. 

The  following  figure  (Fig.  3)  shows  the  kind  of  curve  that  will  be 
traced  if  hysteresis  be  absent. 


Fig.  3. 


PoUrUial  dijfwtnct. 


The  experimental  results  are  given  in  Table  I. 

The  point  P  was  so  chosen  that  the  charge  was  then  almost  exactly- 
half  of  the  maximum  charge.  The  duration  of  a  cycle  of  operations 
was  never  less  than  five  minutes.  The  galvanometer  throws  were 
read  by  a  telescope  and  scale,  and  are  expressed  in  centimetres.  As 
both  galvanometer  mirror  and  telescope  are  of  fine  quality  there  is  no 
difficulty  in  detecting  a  tenth  of  a  millimetre  on  the  scale. 

It  will  be  observed  that  tbe  throws  fall  off  gradually  throughout 
the  experiment  in  consequence  of  gradual  failure  of  the  battery 
power ;  but  as  this  affects  both  series  to  the  same  extent  it  has  no 
influence  on  the  ratios.  Individual  values  of  the  ratio  Throw  at 
Q/Throw  at  P  differ  amongst  themselves  by  small  amounts,  being 
below  unity  in  II  cases,  above  in  12,  and  equal  to  unity  in  oue  case. 
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Table  I. 


Piflcharge  at  P. 

1 
1 

1 

Discharge  at  Q. 

Value  of 

1 

lime  of 

Gkdyanometer 

Time  of 

Galyanoxneter 

diBcharge. 

throw  {p). 

diBchargp. 

throw  (q). 

hrs.  m. 

hrs.  m. 

11    27 

52-61 

-0-11 

11    S3 

52-50 

11     37 

52-72 

+  006 

11    44 

52-78 

11     48 

52-77 

-0-01 

11     52 

52-76 

11     56 

52-71 

-0-01 

12    4 

52-70 

12      6 

52-63 

+  0-02 

12    10 

62-65 

12    12 

52-61 

+  0  03 

12    17 

62-64 

12    21 

62*63 

+  0-06 

12     26 

52-59 

12    28 

52-45 

+  0-06 

12    32 

52 '51 

12    36 

52*49 

+  0-05 

12    44 

52 '64 

12    46 

52 '58 

-0-08 

12    50 

52-50 

12    53 

52-48 

-0-08 

12    58 

62-46 

12    60 

52-43 

-0-02 

I    4 

52-41 

2    39 

52  04 

+  002 

2    46 

62-06 

2    54 

52-00 

-0-02 

2     58 

51-98 

3      4 

51-98 

-0  03 

8     11 

51 -pS 

3    14 

51-95 

-006 

3     18 

61 '89 

3    21 

51-92 

+  004 

3    25 

51-96 

3    27 

51-83 

-005         1 

3    31 

61-78 

4    32 

51-70 

-0-07 

4    36 

61 '63 

4    39 

51-56 

+  0  04 

4    42 

51-59 

4    44 

51-66 

+  0-02 

4    48 

51 '68 

4    55 

51-55 

+  0-02 

6    00 

51 '57 

5       4 

51-53 

+  0-08 

5    8 

61-56 

5     11 

61 -68 

+  0-00 

5     16 

51-63 

Mean  of  first  12  throws 

Mean  of  second  12  throws .... 
Mean  of  all  24  throws 

At  P. 

AtQ. 

52-580 
61-762 
62  -1710 

52-586 

51  -757 

52  -1716 

The  ratio  derived  from  the  first  twelve  values  is  1  +  -g^Vrrt  ^^^^ 
-derived  from  the  seoond  twelve  values  is  I  —  T^Jr^f.  The  best 
values  of  the  ratio  derived  from  all  24  values  approximates  still 
more  closelj  to  uuitj. 

Hence  the  position  of  the  point  Q  in  the  diagram  is  indistinguish- 
able from  the  position  of  the  point  P ;  and  we  may  conclude  that 
when  time  has  been  given  for  viscous  effects  to  subside  the  charge  of 
the  condenser  is  the  same  for  a  given  value  of  the  potential  difference, 
whether  that  value  has  been  arrived  at  from  higher  or  from  lower 
values  than  itself. 
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Since,  until  farther  experiments  be  made,  this  conclosion  can  only 
be  taken  as  applying  to  the  condenser  when  under  the  conditions  of 
this  experiment,  it  is  necessary  to  form  an  idea  as  to  the  highest 
value  of  the  electromotive  intensity  which  was  produced  in  the 
dielectric.  Only  a  very  rough  estimate  of  its  value  can  be  made 
without  dismounting  the  condenser.  If  we  assame  that  the  thickness 
of  the  paraffined  paper  is  about  *01  cm.,  then  with  11  volts  potential 
difference  between  the  plates,  the  electromotive  intensity  equals  1,100 
volts  per  cm.,  or  about  3*  7  electrostatic  units.  If  we  take  the  dielectric 
constant  of  paraffined  paper  as  2,  the  corresponding  electrostatic  induc- 
tion is  7*4  electrostatic  units.  It  may  be  mentioned  that  in  the 
experiments  of  Signer  Am6  the  induction  ranged  from  *03  to  14*58 
electrostatic  units. 

In  order  to  give  an  idea  of  the  viscous  effects  which  come  into  play 
in  the  same  condenser,  we  have  ascertained  the  variation  of  the  charge 
which  it  takes  up  on  the  application  of  an  unvaried  E.M.F.  to  its 
terminals  for  different  intervals  of  time.  The  results  are  plotted  in 
Fig.  4.  The  time  constant  of  the  rise  of  charge,  calculated  from  the 
capacity  of  the  condenser  and  the  resistance  of  the  circuit  through 


Fig.  4. — Belation  between  Charge  of  Condenser  and  the  Duration  of  Application 

of  Charging  Electromotiye  Force. 
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which  it  was  charged,  was  less  than  ^^^^^^  of  a  second :  hence  in 
7  times  y^^xF  ^^  *  second  the  charge  would  have  risen  to  within  ^  per 
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cent,  of  its  final  value  if  dissipation  of  energy  had  taken  place  only 
in  the  outside  circuit. 

T^uSj  while  the  condenser  here  experimented  upon  exhibits  marked 
viscoiM  effectSy  yet  we  can  detect  no  hysteresis. 

The  foregoing  experiments  were  conducted  in  the  Physical 
Laboratory  of  University  College,  London,  and  our  thanks  are  due 
in  many  respects  to  Professor  G.  Carey  Foster  in  connectiou  with 
them. 


VL  "  On  the  Changes  in  Movement  and  Sensation  produced  by 
Hemisection  of  the  Spinal  Cord  in  the  Cat."  By  Charles 
Devereux  Marshall,  F.R.C.S.  Communicated  by  Pro- 
fessor V.  HORSLEr,  F.R.S.     Received  January  31,  1895. 

(Abstract). 

The  present  research  was  undertaken  in  order  to  determine  more 
exactly  the  nature  and  origin  of  epileptiform  convulsions  and  the 
paths  in  the  spinal  cord  by  which  both  afferent  and  efferent  impulses 
are  transmitted. 

The  method  employed  was  as  follows  : — 

Hemisection  of  the  spinal  cord  was  performed  in  the  lower  dorsa 
region  on  the  right  side,  the  animals  being  aneesthetized  with  ether 
and  strict  antiseptic  precautions  being  observed. 

The  animals  were  kept  alive  for  different  periods  of  time  after  the 
operation,  and  the  effects  produced  on  the  voluntary  movements, 
sensibility,  and  the  reflexes  were  carefully  noted. 

After  death  the  spinal  cords  were  at  once  removed,  and  after 
hardening  and  staining,  by  Marchi's  method,  both  the  lesion  and  the 
tracts  of  degeneration  were  investigated  by  microscopic  examination. 
There  were  16  experiments  performed. 

The  following  results  are  briefly  what  were  obtained. 

(a.)  Motion. — After  hemisection  of  the  cord  there  is  immediate 
paralysis  of  the  limb  below,  and  on  the  same  side  as  the  section,  this 
remains  for  a  time,  and  then  gradual  recovery  takes  place  to  a  greater 
or  less  extent ;  sometimes  the  recovery  is  so  complete  that  it  is  with 
difficulty  that  one  can  determine  which  was  the  paralyzed  limb.  At 
other  times  more  or  less  permanent  weakness  is  left  so  as  to  cause  a 
limp  when  walking,  foot-drop  is  not  infrequently  seen  and  the 
animal  does  not  appear  to  appreciate  correctly  the  position  that  the 
leg  occupies. 

(6.)  The  Eefiexes  are,  as  a  rule,  greatly  exaggerated  below  and  on 
the  same  side  as  the  lesion,  and  sometimes  continue  so  for  a  long 
period ;  in  many  cases  they  get  less  as  time  goes  on ;  occasionally 
they  are  not  so  well  marked  as  on  the  opposite  or  uninjured  side. 
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(c.)  Sensation. — This  is  always  interfered  with  on  the  side  of  the 
lesion.  Painful  sensations,  such  as  those  produced  hj  the  prick  of  a 
pin,  or  by  toaching  the  foot  with  a  piece  of  wire  which  is  slightly 
heated,  appear  to  be  felt  on  both  sides,  and  this  was  well  seen  in  the 
monkeys  which  were  nsed  as  control  experiments  ;  bat  the  evidence 
seems  to  show  that  these  painful  sensations  are  more  quickly  felt  on 
the  non-paralyzed  than  on  the  paralyzed  side,  and  also  that  the 
animal  does  not  localize  the  painful  spot  on  the  injured  side  with 
anything  like  the  precision  that  it  does  on  the  unaffected  side. 

Tactile  sensations,  such  as  those  produced  by  the  presence  of  a 
small  clip  applied  to  the  skin,  are  only  felt  on  the  non-paralyzed  side  ; 
the  animals  were  frequently  seen  to  remove  the  clip  from  this  side, 
but  unless  their  tails  touched  it  when  placed  on  the  paralysed  limb, 
or  their  attention  was  directed  to  its  presence  in  some  such  way,  no 
notice  whatever  was  taken  of  it. 

The  same  result  was  seen  with  the  cold-water  test.  When  water 
was  brought  in  contact  with  the  feet,  the  unaffected  limb  was  at  once 
withdrawn  and  the  water  licked  off  it,  while  on  the  opposite  side  the 
foot  was  allowed  to  stand  in  a  pool  of  water  without  any  notice  being 
taken  of  it. 

Microscopic  Examination  of  the  Spinal  Cords, 

The  portions  of  the  cords  containing  the  lesion  were  carefully 
examined  for  the  purpose  of  ascertaining  their  exact  extent,  and  a  full 
description  is  given  in  the  paper. 

The  following  is  a  short  description  of  the  degenerations  found  in 
the  cord. 

(1.)  Descending  Degenerations. — These  degenerations  were  confined 
almost  entirely  to  the  side  that  was  cut,  and  they  occupied  the  direct 
and  crossed  pyramidal  tracts;  a  few  scattered  degenerated  fibres 
were  seen  in  the  antero-lateral  tracts  of  both  sides ;  this  was  especially 
marked  in  the  cases  where  a  small  part  of  the  opposite  half  of  the 
cord  had  become  accidentally  injured. 

(2.)  Ascending  Degenerations, — Those  degenerations  were  not 
entirely  confined  to  the  side  of  the  lesion. 

The  tracts  that  contained  most  of  the  degenerated  fibres  were  the 
column  of  GoU,  the  direct  cerebellar  tract  and  the  antero-lateral  tract. 
Some  degenerated  fibres  were  usually  found  in  the  opposite  column 
of  Goll,  and  also  in  the  antero-lateral  tract  of  the  uninjured  side. 
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VII.  "  On  the  Analysis  of  Voluntary  Muscular  Movements  by 
certain  new  Instruments."  By  WiLLlAM  R.  Jack,  M.D., 
B.Sc.  Communicated  by  Professor  J.  G.  MoKendrick, 
F.R.S.    Received  January  25,  1895. 

(From  the  Fhysiologioal  Laboratory  of  the  UniTeruty  of  Glasgow.) 

(Abstract.) 

The  object  of  this  investigation  -was  to  determine  the  greatest 
speed  of  which  the  voluntary  muscalar  movemeuts  were  capable,  and 
hov7  far  the  speed  was  inflaenced  by  age  and  edacation.  It  was  de- 
cided to  limit  the  research  to  a  study  of  the  movements  of  the  fingers, 
as  being  the  easiest  parts  to  examine  of  the  muscular  system.  The 
writer  has  to  acknowledge  his  indebtedness  to  Professor  McKendrick 
for  much  valaable  assistance  and  advice. 

The  first  instroment  used  was  one  devised  by  Professor  McKendrick, 
and  figured  at  p.  78  of  his  *  Life  in  Motion '  (first  edition,  1892).  It 
consisted  essentially  in  a  tuning  fork,  carrying  a  smoked  microscopic 
slide,  and  sot  in  motion  by  a  bichromate  cell.  With  all  its  loads, 
the  fork  made  117  doable  vibrations  per  second,  as  determined  by  the 
chronograph,  Lines  drawn  upon  the  attached  slide  perpendicnlar  to 
the  plane  of  vibi*ation  were,  therefore,  thrown  into  waves,  each  of 
which  represented  the  space  passed  over  in  1'7117.  The  difEerent 
movements  investigated  in  this  way  were  the  following: — (1.)  The 
greatest  velocity  attainable  by  the  single  contraction  of  one  finger,, 
to  which  a  finely-pointed  needle  was  affixed.  (2.)  The  greatest 
velocity  attainable  by  the  single  contraction  of  the  fingers  in  com- 
bined action.  For  this  purpose  the  needle  was  fixed  in  a  penholder,, 
and  held  like  a  pen,  care  being  taken  to  see  that  there  was  no  move- 
ment of  the  wrist,  but  only  of  the  fingers.  (3.)  The  greatest  velocity 
obtainable  in  ordinary  writing.  In  this  way,  therefore,  the  velocities 
of  a  series  of  movements  increasing  in  complexity  could  be  com- 
pared.  The  velocity  of  curves  and  of  curvilinear  figores  was  also 
compared  with  that  of  straight  lines. 

Twenty-three  normal  and  two  pathological  cases  were  examined. 
The  normal  cases  were  divided  into  three  classes :  those  of  special 
manual  education  (musicians),  those  of  average  manual  education 
(the  ordinary  educated  classes),  and  those  of  inferior  manual  educa* 
tion  (working  men),  in  whom  the  hands  were  accustomed  only  to 
coarse  movements,  and  the  fingers  had  no  special  training.  Of  the 
first  class  there  were  five  examples ;  of  the  second  and  of  the  third, 
nine.     The  ages  varied  from  18  to  62. 

While  the  tracing^  were  being  made  the  hand  rested  on  a  little 
table  at  the  height  of  the  recording  slide.     It  was  found  that  the 
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velocity  of  the  more  complicated  movements  could  be  increased  to 
some  extent  by  practice.  Only  a  few  preliminary  tracings,  to  accus- 
tom the  hand  to  the  instrament,  were  therefore  allowed  to  each  sub- 
ject, in  order  that  all  might  be  as  mnch  as  possible  on  the  same 
footing.  Fnll  details  of  the  velocities  attained  in  each  case,  and 
figures  of  the  apparatus  used,  are  given  in  the  original  essay.  In 
this  abstract  only  a  statement  of  the  results  attained  will  be  made. 

It  is  not  contended  that  the  figures  there  given  represent  the 
absolute  velocities  of  the  movements  made,  for  the  retarding  influ- 
ence oE  friction  on  the  slide  has  to  be  allowed  for,  and  the  increase 
in  the  space  travelled  over  through  the  extension  of  the  needle  beyond 
the  end  of  the  fingers.  But,  as  all  the  subjects  were  under  the  same 
conditions,  a  comparative  estimate  of  the  velocities  may  be  arrived  at. 

Beginnipg  with  the  influence  of  training  upon  the  velocity  of  the 
movements,  the  pen-movement  was  first  studied,  and  the  rate  at 
which  a  distance  of  8  cm.  in  the  middle  of  the  slide  was  traversed 
was  taken  as  the  standard  of  comparison.  Unfortunately  no  tracings 
of  this  movement  were  taken  from  musicians,  but,  on  comparing  the 
average  of  the  tracings  derived  from  those  of  average  and  those  of 
inferior  manual  education,  the  following  conclusions  were  arrived  at. 

(1.)  That  in  those  of  inferior  manual  education  (whose  two  hands 
were  both  untrained)  the  velocity  is  equal  in  both  hands  (3*4'7117  for 
the  right  and  3-6"/117  for  the  left  hand). 

(2.)  That  in  those  of  average  manual  education  the  velocity  is 
greater  in  the  right  hand,  which  has  been  trained  (as  in  writing) 
than  in  the  left,  which  has  not  (2  9"/117  for  the  right  and  3-6'7117 
for  the  left  hand),  an  exception  being  found  in  the  case  of  the  author, 
both  of  whose  hands  had  been  pretty  equally  trained,  in  which  case 
both  had  the  same  velocity  (3'7117). 

(3.)  That  the  velocity  is  gi*eater  in  the  right  hand  of  those  of 
average  education  than  in  the  right  hand  of  those  of  inferior  educa- 
tion. 

(4.)  That  the  velocity  in  the  left  hand  (which  has  been  little 
trained)  of  those  of  average  education  is  practically  identical  with 
that  in  the  left  hand  of  those  of  inferior  education. 

The  velocity  of  contraction  of  a  single  finger  was  next  examined 
with  the  following  results : — 

(1.)  That  the  velocity  is  equal,  or  nearly  so  (2"/!  17)  in  the  first 
and  second  fiingei's,  and  is  greater  than  that  in  the  third  and  fourth, 
which  have  also  a  nearly  equal  velocity.  This  may  be  due  to  the 
special  arrangement  of  the  tendon  of  the  extensor  communis  digito* 
rum  for  the  third  finger,  and  for  the  fourth  to  the  awkward  position 
in  which  it  was  placed. 

(2.)  The  velocity  of  eack  finger  is  practically  identical  for  the  two 
hands. 
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(3.)  That  the  velocity  of  the  finger-movements  is  not  appreciably 
affected  by  manual  training.  The  most  rapid  single  contraction  of 
the  fingers  of  a  trained  pianist  is  very  slightly,  or  not  all,  faster  than 
that  of  a  working  man. 

(4.)  The  velocity  of  movements  of  flexion  is  on  the  average 
slightly  greater  than  that  of  movements  of  extension,  althongh  in 
two  of  the  eight  cases  examined  the  velocities  were  identical. 

(5.)  The  velocity  of  the  finger-movements,  as  a  whole,  is  greater 
than  that  of  the  pen-movements. 

In  examining  the  more  complicated  movements  of  writing  it  was 
foand : — 

(1.)  That  the  average  velocity  is  practically  the  same  in  musicians 
and  in  those  of  average  education,  their  training  in  this  regard  being 
nearly  equal. 

(2.)  That  the  velocity  in  the  untrained  working-classes  is  much 
less  than  in  the  two  former. 

(3.)  That  the  velocity  in  all  classes  is  much  less  than  in  the  pen- 
movements. 

(4.)  That  the  curved  parts  of  letters  and  figures  are  more  slowly 
formed  than  the  rectilinear  parts,  and  that  the  velocity  of  a  curve 
varies,  roaghly  speaking,  with  the  radius  of  curvature. 

The  difference,  then,  between  education  and  the  want  of  it  is 
greatest  in  writing,  less  in  pen -movements,  and  scarcely  noticeable 
in  the  simple  finger-movement.  And  the  average  velocity  for  all 
classes  is  least  in  writing,  much  greater  in  pen-movements,  and 
greatest  in  finger-movements.  The  velocity  therefore  diminishes, 
and  the  difference  between  the  various  classes  increases  as  the  move- 
ments become  more  complex.  The  more  nearly  they  approach  to  a 
simple  muscular  contraction,  the  less  is  the  difference  noticeable; 
though  it  would,  doubtless,  be  found  that  the  musician  is  able  to 
repeat  a  series  of  simple  muscular  contractions  much  more  rapidly 
than  one  with  untrained  fingers. 

The  influence  of  age  upon  the  velocity  of  the  movements  was  next 
investigated,  and  it  was  found,  with  regard  to  writing : — 

(1.)  That  the  velocity  of  the  movements  of  writing  becomes  slower 
with  advancing  age. 

(2.)  That  it  is  g^reatest  between  the  ages  of  20  and  29,  and  decreases 
with  every  decade  thereafter. 

(3.)  That  this  decrease  is  greater  in  the  uneducated  than  the 
educated. 

With  regard  to  pen-movements  it  was  found : — 

(1.)  That  the  decrease  in  velocity  is  less  marked  than  in  the  case 
of  writing. 

(2.)  That  the  velocity  is  greatest  between  the  ages  of  20  and  29. 

(3.)  That  the  difference  in  the  rate  of  decrease   between  the 


480  Analysis  of  Voluntary  Muscular  Movements.    [Mar.  21, 

educated  and  nnedncated  classes  is  not  so  marked  as  in  the  case  of 
writing. 

With  regard  to  finger-movements  it  was  found  that  they  retained 
nearly  the  same  velocity  for  all  classes  between  the  ages  of  20  and 
50 ;  and  that  in  the  one  case  of  a  man  over  that  age  (a  labonrcr, 
»t.  62)  there  was  a  decided  decrease. 

In  the  two  pathological  cases  investigated,  one  of  lateral  sclerosis 
in  a  man  of  41,  and  one  of  tremor  of  the  hands,  following  npon 
syphilis,  in  a  man  of  50,  similar  results  were  obtained.  For  the 
complex  movements  of  writing  were  most  seriously  retarded,  the 
pen-movements  less,  and  the  finger-movements  least  of  all. 

It  appears,  then,  that  as  a  movement  increases  in  complexity,  and 
involves  in  its  performance  the  associated  action  of  a  greater  number 
of  muscles,  its  velocity  diminishes,  and  the  influence  of  education 
becomes  more  distinctly  manifest.  And  as  complex  movements 
require  a  longer  education  for  their  rapid  performance,  so  they  appear 
to  become  sooner  defective  than  the  simpler  movements.  For  it  is  in 
writing  that  the  retarding  effect  of  age  is  most  apparent,  while  it  is 
least  so  in  the  finger-movement. 

In  the  second  part  of  the  investigation  it  was  desired  to  obtain 
tracings  from  a  larger  series  of  contractions  than  could  be  registered 
npon  a  microscopic  slide.  For  this  purpose  new  instruments  were 
required,  and  owing  to  the  long  delay  in  making  these,  but  few 
experiments  have  been  recorded.  The  instrument  finally  adopted 
consisted  in  a  long  steel  bar,  held  firmly  in  an  iron  clip,  and  carrying 
in  a  clamp  attached  to  one  end  a  smoked  glass  plate  6  inches  square. 
It  was  set  in  motion  by  an  electro-magnet  through  which  passed  the 
current  from  a  storage  battery,  and,  as  determined  by  the  chrono- 
graph, it  made  fifty-four  double  vibrations  per  second.  At  Professor 
McKendrick's  suggestion  it  was  determined  rather  to  investigate 
with  this  instrument  the  phenomena  of  fatigue,  a  purpose  for  which 
he  thought  it  very  suitable.  With  this  object,  Mosso's  ergograph 
was  adapted  to  the  instrument,  the  recording  part  of  which  could  be 
pulled  on  rails  slowly  away  from  under  the  registering  lever,  which 
worked  up  and  down  with  the  movement  of  the  weighted  finger. 
Thus  a  series  of  contractions  and  relaxations,  divided  by  the  oscilla- 
tions of  the  bar  into  fifty-fourths  of  a  second,  was  registered  on  each 
plate.  The  plate  could  be  taken  out,  and  a  new  one  substituted, 
beneath  the  lever,  without  stopping  the  movement  of  the  finger.  A 
key  was  interposed  in  the  circuit  to  shut  ofE  the  current  while  the 
plates  were  being  changed. 

Four  normal  and  two  pathological  cases  were  investigated,  series 
of  tracings  being  taken  with  a  ^  kilo.,  a  1  kilo.,  and  a  2  kilo,  weight. 
They  show  in  a  veiy  striking  manner  the  diminution  in  height  of 
the  contraction,  and  the  coincident  diminution  in  its  velocity,  due  to 


1895.]      Injliieiice  of  Sensory  Nerves  upon  Movement^  Sfc.  481 

fatigue.  The  measarements  whicli  were  taken  of  the  rates  of 
velocity  at  different  parts  of  the  tracings  afford  somewhat  varying 
results,  and  the  number  of  cases  is  too  few  for  any  detinite  conclu- 
sions to  be  drawn  from  them.  But  it  would  appear  that  while  the 
diminution  is  gradual  and  uniform  in  the  case  of  small  weights,  in 
that  of  larger  weights  it  occurs,  as  a  rule,  more  rapidly,  and  that 
the  rate  of  diminution  does  not  remain  the  same  throughout  the 
tracing. 


VIII.  "  Experiments  upon  the  Influence  of  Sensory  Nerves  upon 
Movement  and  Nutrition  of  the  Limbs.  Preliminaiy  Com- 
munication." By  F.  W.  MOTT,  M.D.,  F.R.C.P.,  and  C. 
S.  Sherrington,  M.D.,  F.R.S.    Received  March  7,  1895. 

In  the  14th  of  the  *  Le9ons  sur  la  Physiologic  et  la  Pathologic  da 
Syst^me  Nerveux,*  Claude  Bernard  draws  attention  by  experiments 
on  the  frog  and  on  puppies  to  the  degree  of  impairment  in  movement 
undergone  by  a  limb  that  has  been  rendered  insensitive  by  section  of 
the  sensory  roots  of  its  spinal  nerves. 

In  a  series  of  experiments  carried  out  during  the  last  eighteen 
months,  we  have  examined  the  same  thing  in  the  monkey,  using 
chiefly  Macacus  rhesus,  aud  observing  the  animals  for  periods  up  to 
four  months  from  the  time  of  operation.*  "We  propose  to  give  here  a 
brief  account  of  the  results  obtained. 

Our  experiments  deal  separately  with  the  lower  limb  and  with  the 
upper  limb.  The  phenomena  observed  in  the  two  limbs  do  not 
essentially  differ,  but  are  rather  more  marked  and  much  more  acces- 
sible to  examination  in  the  case  of  the  upper  limb. 

I.  On  Movement, 

(1.)  Effect  of  8ectio7i  of  the  whole  Series  of  Sensory  Boots  belonging  to 
the  Limb, — By  the  "  whole  series  *'  is  meant  in  the  brachial  region 
from  the  4th  cervical  to  the  4th  thoracic  inclusive ;  in  the  lumbar 
from  the  2nd  to  the  10th  post- thoracic  inclusive. 

From  the  time  of  performance  of  the  section  onwards,  as  long  as 
the  animal  may  be  kept,  the  movements  of  the  hand  and  foot  are 
practically  abolished;  the  movement  of  grasping,  which  is  so  fre- 
quent and  useful  to  the  monkey,  both  with  the  hand  and  foot,  never 
occurs  at  all  in  our  experience.  On  the  other  hand,  the  movements 
at  the  elbow  and  knee,  and  especially  the  movements  at  the  shoulder 
and  hip,  are  much  less  impaired.  The  fore  limb  hangs  from  the 
shoulder  partially  flexed  at  the  elbow  ;  the  hind  limb  is  flexed  at  hip 

*  In  all  our  operationB  the  animaU  hare  been  deeply  anssthetised  with  chloro- 
form and  ether. 
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and  knee.  As  the  animal  rans  about  it  does  not  attempt  to  nse  the 
leg ;  the  fore  limb  swings  helplessly,  with  flexion  at  elbow  and  wrist 
and  adduction  at  shoulder,  in  much  the  same  position  as  if  carried 
in  a  sliug.  The  hind  limb  looks  as  if  it  were  beiog  held  up  so  as  to 
be  kept  off  the  ground  while  the  animal  runs  on  three  legs  ;  we  are 
inclined  to  think  that  this  appearance  is  deceptive,  and  that  the 
position  results  from  an  equilibrium  of  the  action  of  the  muscles,  in 
which  purposive  action  on  the  part  of  the  animal  does  not  plaj  a 
rSle.  When  the  animal  is  allowed  to  climb  a  rope  or  the  side  of  the 
cage,  the  fore  limb  swings  more  or  less  helplessly,  and  is  not  used  for 
the  climbing ;  similarly,  the  hind  limb  is  kept  more  or  less  flexed  at 
hip  or  knee,  and  is  not  used  for  the  climbing.  If  the  feeding-time  be 
deferred,  and  an  animal,  in  which  the  apsBsthete*  limb  is  an  arm,  be 
tested  by  offering  it  fruit  after  the  sound  arm  has  been  secured 
behind  the  back,  there  is  no  attempt  to  use  the  apa^sthete  limb  for 
reaching  the  food,  but  the  neck  is  thrust  forward  in  order  for  the 
mouth  to  seize  it.  If  the  fruit  be  placed  in  the  hand  of  the  apassthete 
arm,  the  animal  does  not  lift  the  hand,  and  appears  quite  unable  to 
do  so,  even  though  encouraged.  If,  however,  the  hands  of  a  tame 
normal  monkey  be  secured  behind  its  back,  and,  as  it  lies  on  the  floor, 
fruit  be  placed  near  it,  the  fruit  is  usually  taken  at  once  with  the  foot ; 
but  if  the  leg  is  apssthete  the  fruit  cannot  be  taken,  although 
in  one  monkey  the  attempt  used  to  be  made.  The  foot  was  rapidly 
thrust  toward  the  fruit  by  extension  of  hip  and  knee,  but  the  foot 
missed  its  object  widely,  i.e.,  by  several  inches,  and  the  digits  were 
not  moved,  though  the  ankle  appeared  to  be  slightly  plantar-flexed. 
The  impairment  of  motility  in  the  limb  ensues  immediately  upon 
completion  of  the  section ;  that  is  to  say,  directly  the  effects  of  the 
ansBsthetic  have  passed  off  sufficiently  to  allow  requisite  examination 
of  the  animal's  ability  to  move  its  limbs,  the  above-described 
inability  is  discoverable  as  fully  developed  as  at  any  subsequent 
period.  We  have  kept  the  animals  alive  for  various  periods  np  to 
and  over  three  months,  and  there  has  been  no  obvious  change  in  the 
condition,  either  in  the  direction  of  improvement  or  the  reverse. 
In  the  case  of  the  lower  limb,  after  two  or  three  months,  the  constant 
position  of  flexion  of  hip  and  knee,  on  two  occasions,  gradually 
induced  a  change  in  the  muscles  of  the  thigh,  which  prevented 
hip  and  knee  being  properly  extended,  even  by  passive  stretching. 

As  to  the  nature  of  the  disturbance  of  motility  in  the  limbs,  one 
feature,  namely,  its  peculiar  topographical  distribution,  is  salient 
and  constant.  The  defect  in  motility  increases  from  the  attached 
base  to  the  free  apex  of  the  limb ;  so  that,  for  instance,  while  com- 

•  Aird,  aloB&voiiai,  "deprived  of  seoBation,"  in  distinction  from  ancttheto, 
"  devoid  of  sensation."  We  are  indebted  to  Dp.  Verrall,  of  Trinitj  College,  Cam- 
bridge, for  the  suggestion  of  this  term. 
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parativelj  slight  at  the  hip,  it  is  saccessivelj  greater  at  knee  and 
ankle,  and  greatest  (amounting  as  regards  volition  to  absolute  loss) 
in  the  digits. 

In  this  respect  it  curiouslj  closely  simulates  the  impairment  of 
motility  ensuing  upon  ablation  of  the  limb  region  of  the  cortex 
cerebri ;  but  it  is,  in  the  monkey,  somewhat  more  severe  than  the 
impairment  following  cortical  ablation. 

We  find,  however,  that  forcible  and  rapid  movements,  even  of  the 
fine  joints  at  the  end  of  the  limb,  can  be  induced  in  the  animals  by 
causing  them  to  "  struggle  " ;  for  instance,  while  recovering  from 
ether  inhalation,  or  while  trying  to  free  themselves  on  being  held 
awkwardly,  the  whole  limb  at  all  its  joints  may  exhibit  movements  ; 
but  even  under  these  circumstances  it  is  only  once  or  twice  that  we 
have  seen  *' grasping"  movements  of  the  digits,  although  sharp  exten- 
sion of  the  digits  is  not  nearly  so  infrequent. 

We  are  led  from  these  and  other  considerations,  which  will  be 
detailed  in  a  fuller  paper,  to  conclude  that  associated  movements  in  t%e 
Umh  ("  Mitbewegungen  ")  are  comparatively  little  impaired  by  loss  of 
the  sensation  from  the  limb  in  which  they  occur ;  but  that  the  inde- 
pendent and  more  delicately-adjusted  movements  which  employ  pre- 
ponderantly the  smaller  and  more  individualised  muscular  masses 
of  the  hand  and  foot,  and  serve  to  move  the  digits,  especially  the 
hallux  and  the  thumb — in  fact,  just  those  movements  which  are  repre- 
sented mx)st  liherally  in  the  limb  area  of  the  cortex,  ore  extremely  severely 
impaired^  and,  in  some  instances,  are  abolished.  We  say  *'  abolished ' 
.  advisedly,  because  we  are  persuaded  from  our  observations  that,  in 
the  case  of  certain  movements,  e.g,,  grasping  movements  of  the  hand 
and  foot,  opposition  of  pollex  and  hallux,  the  animal  is  rendered 
absolutely  powerless  to  perform  them,  even  under  the  strongest 
possible  inducements.  This  conclusion  has  been  gradually  forced 
upon  us.  Although  we  are  aware  of  the  danger  of  introducing  terms 
relating  to  consciousness  into  descriptions  based  almost  solely  on 
motor  reactions,  we  believe  that  we  cannot  more  lucidly  state  the 
condition  of  the  animals  than  by  saying  that  the  volitional  power  for 
grasping  with  the  hand,  &c.,  had  been  absolutely  abolished  by  the 
local  loss  of  all  forms  of  sensibility  experimentally  produced.  Further, 
that  this  volitional  power  was  lost  immediately  from  the  time  of 
operation,  and  that  there  was  not  the  slightest  evidence  of  any 
recovery  of  it  during  the  longest  periods  to  which  our  observations 
extended  (about  four  months). 

This  being  so,  it  is  natural  to  inquire  what  influence,  if  any,  is 
exerted  by  the  section  of  the  posterior  spinal  nerve-roots  of  the  limbs 
upon  the  reactions  obtainable  from  the  limb  area  of  the  cortex  ? 
That  no  diminution,  but  rather  a  slight  increase  of  the  excitability  of 
the  cortex,  is  the  immediate  result  has  been  shown  by  one  of  us 
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previously.*  But  the  question  remained,  what  will  be  the  result 
when,  for  many  weeks,  the  severance  of  the  roots  has  led  (as  above 
shown)  to  disappearance  from  the  limb  of  those  very  movements 
which  the  cortex,  when  experimentally  excited,  is  especially  able  to 
produce  P  We  have  answered  this,  both  by  electrically  exciting  the 
cortex  and  by  giving  absinthe  intravenously  to  produce  epilepsy 
(Magnan).  On  exciting  the  cortex  cerebri  of  the  hemispheres  in  the 
appropriate  regions  for  eliciting  movements  of  the  thumb,  hallux,  or 
digits,  the  responsive  movements  have  been  as  easily  elicited  from  the 
apaesthete  limb  as  from  the  normal  limb,  and  it  has  several  times 
seemed  to  us  rather  moi'e  easily,  that  is  to  say,  with  a-  slightly  less 
intensity  of  faradic  current  (the  rate  of  interruption  always  remain- 
the  same,  -yV")- 

As  to  the  absinthe  epilepsy,  it  always  affected  the  apsesthete 
limb  in  a  manner  not  distinguishably  different  from  the  normal 
limb.  Convulsions  sometimes  started  in  the  normal  and  desensi- 
tized limb  simultaneously,  sometimes  a  little  earlier  in  one  or  the 
other ;  but  no  indubitable  predominance  or  preference  was  shown  by 
either  limb.  In  a  very  few  of  oui*  experiments  (three)  no  movement 
was  obtained  in  the  apsBsthete  limb  on  excitation  of  the  cortex ; 
this  was  found  to  be  explained  subsequently  by  naked-eye  degenera- 
tion of  the  pyramidal  tract  as  revealed  after  h&rdeniug  in  Mil  tier's 
fluid.  This  degeneitition  was  due  to  injury  accidentally  inflicted 
upon  the  lateral  column  of  the  cord  by  the  operation.  The  spinal 
tonus  in  the  muscles  of  the  apaasthete  limb  is  undoubtedly  much 
diminished. 

These  observations  seem  to  us  to  point  to  the  profound  difference 
existing  between  the  production  of  the  finer  movements  of  the  limb 
in  volition  on  the  one  hand,  and  by  expenmental  stimulation  of  the 
cortex  on  the  other.  The  fundamental  importance  of  sensation  for 
those  finer  movements  of  the  limb,  which  are  so  especially  well  repre- 
sented in  the  cortex  of  the  ape,  has  by  no  authority  been  more 
forcibly  emphasized  than  by  Dr.  Bastian.  We  think  these  experi- 
ments go  even  further  than  his  argpiments  in  pointing  to  the  influence 
of  sensation  upon  voluntary  movement,  inasmuch  as  they  indicate 
that  not  only  the  cortex,  but  the  whole  sensory  path  from  periphery 
to  cortex  cerebri,  is  in  action  during  voluntary  movement. 

(2.)  Effect  of  Sectio^i  of  a  single  Sensory  lioot, — In  striking  con- 
tradiction to  the  above-stated .  impairment  of  movement  in  the  limb 
ensuing  upon  section  of  the  whole  series  of  its  sensory  nerve  roots 
stands  the  effect  of  section  of  any  one  of  the  sensory  nerve  roots  of 
the  series  singly  and  alone.  In  the  latter  case  no  impairment  of 
movement  at  all  results,  or,  at  least,  can  with  certainty  be  detected. 

This  is  the  case  even  when  the  largest  and  most  important  sensory 

•  C.  S.  Sherrington,  *  Phil.  Tran|.,*  tJ.  184,  B,  pp.  690,  691. 
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root  of  the  series  is  chosen  for  section ;  namely,  in  the  npper  limb 
the  8th  cervical,  and  in  the  lower  limb  the  6th  post-thoracic.  (These 
are  the  nerves  that  snpply  the  skin  over  the  whole  of  the  hand  and 
foot  respectively.  It  is  to  be  remembered,  however,  that  hand  and 
foot  respectively  are  each  of  them  supplied  with  sensation  by  at  least 
three  sensory  roots,  the  middle  root  covering  the  whole  sur^e  in 
each  case.) 

We  attribute  the  fact  that  section  of  these  large  roots  with  their 
wide  distribution  over  hand  and  foot  produces  so  little  appreciable 
effect,  to  the  fact  that  the  distribution  of  all  the  spinal  nerves  in  the 
skin  is  an  overlapping  one.  The  extent  of  overlapping  is  great 
enough  to  prevent  the  section  of  any  one  nerve,  even  of  the  largest, 
producing  actual  anaesthesia  of  the  skin  in  any  part. 

We  further  find  that  even  if  a  field  of  absolute  anaesthesia  be 
actually  produced  by  section,  for  instance,  of  the  7th,  8th,  and  9th 
post- thoracic  roots,  or,  in  some  cases,  by  section  of  the  7th  and  8th 
cervical  and  1st  and  2nd  thoracic  roots,  the  impairment  of  move- 
ment resulting  in  the  limb  is  comparatively  slight.  This  is  the 
more  remarkable  when  fche  region  deprived  of  sensibility  includes 
some  of  the  most  highly  sensitive  parts  in  the  limb,  namely,  those  of 
the  palm. 

In  such  a  case  the  retention  of  sensibility,  although  in  an  impaired 
degi'ee,  by  the  radial  side  of  the  palm,  including  pollex,  is  the  cause, 
in  our  opinion,  of  the  remarkable  quantity  and  quality  of  movements 
still  executed  by  the  limb  in  spite  of  that  impairment.  In  the  case 
of  section  of  the  7th,  8th,  and  9th  post- thoracic  sensory  roots,  it  was 
almost  impossible,  even  on  the  closest  examination,  to  detect  any 
defect  of  movement  whatever ;  the  animal  used  both  its  feet  appa- 
rently equally  well  in  climbing  or  running,  there  was  no  clumsiness 
in  picking  up  small  objects  (as  a  kernel)  with  the  foot,  and  no 
hesitation  in  so  doin^.  The  chief  detectable  muscular  difference 
between  the  limbs  was  that  the  knee-jerk  was  more  brisk  upon  the 
operated  side,  and  the  calf  and  ham  and  back  of  the  thigh  were  very 
deficient  in  sensation. 

In  the  case  of  section  of  the  sensory  roots  of  the  7th.  and  8th 
cervical  and  1st  and  2nd  thoracic,  besides  the  ulnar  border  of  the  ai'm, 
the  hand,  with  the  exception  of  the  thumb  and  radial  side  of  index,  is 
also  quite  insensitive ;  and  the  sensitiveness  of  the  skin  of  the  thumb 
and  index,  where  present,  is  below  normal  in  degree.  Neverthe- 
less, although  impairment  of  movement  (especially  clumsiness)  is 
obvious,  yet  the  condition  is  strikingly  different  to  that  obtaining 
after  the  whole  series  of  roots  has  been  cut  through.  Food  is 
easily  taken  up  from  the  hand  and  picked  up  from  the  floor  with  the 
thumb  and  index  of  the  partially  apsesthete  limb,  and  the  limb  is 
freely  used  in  progression  and  in  climbing.   The  grasp  of  the  partially 


486  Drs.  F.  W.  Mott  and  C.  S.  Sherrington.      [Mar.  21, 

apassthete  band   is  easier,  however,  to  detach  from  the  cage  than 
that  of  the  normal  hand. 

We  find,  again,  that  a  degree  of  impairment  very  nearly  as  great, 
indeed  not  obviously  different  from  that  produced  by  section  of  the 
sensory  roots  of  the  whole  series  of  the  nerves  of  the  limb,  is  produced 
by  section  of  just  those  sensory  roots  which  supply  the  apex  of  the 
limb,  i.e.j  the  hand  and  foot.  If  the  whole  hand  or  foot  be  completely 
apsBsthete  by  the  sections,  then  the  peculiar  degree  of  inability  to 
move  the  limb,  described  at  the  outset  of  this  communication,  is 
obtained  in  (as  far  as  we  can  see)  its  full  extent.  This  result  has  its 
converse  in  the  following,  which  we  have  also  noted : — 

(3.)  Effect  of  Section  of  the  whole  Series  of  Sensory  Boots  belonging 
to  a  Limb,  with  the  exception  of  a  Boot  that  supplies  the  Hand  or  Fcot. 
— If  the  sensory  roots  of  the  whole  series  of  the  spinal  nerves 
belonging  to  a  limb  be  severed,  with  the  single  exception  of,  in  the 
upper  limb,  the  8th  cervical  (distributed  to  the  whole  extent  of  the 
hand),  and  in  the  lower  limb  the  6th  post-thoracic  (distributed  to  the 
whole  extent  of  the  foot),  a  certain  degree  of  impairment  of  movement 
of  the  limb  results,  which  appears  rather  as  weakness  than  clumsi- 
ness, but  the  degree  of  impairment  is  altogether  quite  slight.  The 
Jimb  is  used  freely  for  progression,  for  climbing,  for  picking  up  food, 
and  bringing  it  to  the  mouth.  The  grasp  of  the  partially  apaosthete 
hand  is  easier  to  detach  from  the  cage  than  that  of  the  hand  of  the 
normal  side. 

The  question  naturally  arises  whether  in  the  interruption  of  the 
paths  of  afferent  impulses  these  can  be  so  dissociated  as  to  decide  what 
share  the  muscular  sense  takes  in  the  results  observed  P  The  afferent 
nerve  fibres  from  muscles  per  se  run,  in  every  case  in  which  they  have 
been  examined,  in  the  corresponding  spinal  roots  to  the  motor.  It 
is  possible,  therefore,  in  the  hand  and  foot  to  sever  the  sensory  roots 
supplying  the  muscles,  while  only  partially  intei*fering  with  those 
supplying  other  structures — the  skin,  sheaths  of  tendons,  joints,  &c. 
The  converse  is  also  true.  On  leaving  intact  the  afferent  fibres  from 
muscle  for  the  greater  part,  but  interrupting  all  other  afferent  channels, 
we  find  that  the  defect  of  movement  produced  is  nevertheless  extreme, 
as,  for  instance,  when  the  lowest  four  cervical  and  the  first  thoracic 
roots  are  severed.  In  the  same  way,  when  the  5th,  6th,  and  7th  post- 
thoracic  roots  are  divided,  the  sole  of  the  foot  is  apsesthete,  and  the 
defect  iu  movement  is  extreme,  although  the  afferent  fibres  from  the 
plantar  muscles  remain  to  a  large  extent  intact. 

Conversely,  when  the  7th,  8th,  and  9th  post- thoracic  roots  are 
severed,  the  afferent  fibres  from  the  plantar  muscles  are  completely 
interrupted,  but  the  sole  of  the  foot  remains  sensitive  all  over,  owing 
to  the  6th  and  5th  roots.  In  this  case  (and  we  have  two  instances  of 
the  kind),  the  defect  of  movement,  if  it  exists  at  all,  is  not  appreciable. 
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It  mBRt  be  remembered  that  other  deeper  stractures  ai'e  innervated 
by  the  same  nerves  as  the  skin,  and  these  we  do  not  wish  to  dissociate 
from  the  sensory  channels  still  uninjured  after  interruption  of  all 
afferent  tracts  from  the  muscle  itself. 


II.  On  Nutrition. 

In  the  experiments  upon  the  lower  limb  we  were  at  first  led  to 
suspect  that  section  of  the  sensory  roots  caused  trophic  changes  in 
the  skin  of  the  foot.  After  a  time,  varying  from  three  weeks  to  three 
months,  an  ulcer  appeared  over  the  outer  malleolus ;  the  subsequent 
experiments  on  the  upper  limb,  which  never  led  to  such  a  change, 
show,  in  our  opinion,  that  the  apparent  trophic  change  in  the  lower  limb 
ma}'  more  justly  be  attributed  to  the  liability  to  pressure  and  microbic 
infection.  No  change  in  the  hand  was  ever  noticed  which  in  the  least 
indicated  tropHic  disturbance.  Wounds  accidentally  inflicted  by  the 
animal  itself  or  its  companions  on  the  apassthete  part  healed  readily 
when  dressed. 

As  to  the  condition  of  the  muscles  in  the  apeesthete  limb,  which 
were  themselves  removed  from  all  afferent  connection  with  the  central 
nervous  system,  the  following  points  were  noticed  : — 

There  was  a  certain  degree  of  wasting,  but  no  appreciable  altera- 
tion of  colour ;  and  the  muscles  responded  ]*eadily  to  the  excitation  of 
their  motor  nerves.  In  some  instances  it  was  found  that  on  excitation 
of  their  motor  nerves,  after  somatic  death,  muscular  contractions  were 
evoked  for  a  longer  period  than  on  the  normal  side.  The  time  of 
onset  of  rigor  mortis  was  delayed  in  the  apsBsthete  muscles,  as  one  of 
US  has  already  noted  in  the  cat.* 

III.  Freliminary  Note  on  the  Degeneratio)is  observed. 

It  is  of  interest  to  remark  that  the  bulk,  if  not  all,  the  fibres  of 
GolFs  column  are  derived  from  those  sensory  roots  which  contribute 
to  the  innervation  of  the  lower  limb.  Cei*tain  of  the  sensory  fibres 
innervating  the  limb  enter,  therefore,  into  the  formation  of  a  path 
leading  directly  to  the  cortex  by  the  posterior  column  nuclei,  the  fillet, 
and  the  optic  thalamus. 

On  the  other  hand,  section  of  a  short  series  of  five  dorsal  and  upper 
lumbar  roots  produced  no  appreciable  degeneration  in  Goll's  column. 
This  appeal's  to  us  a  most  suggestive  fact,  because  the  fibres  from  the 
limb  thus  entering  GoU's  column  contribute  to  a  path  which  leads  rui 
GolVs  nucleus  and  the  fillet  to  the  opposite  optic  thalamus  and  cortex 
of  the  central  convolutions.  But  the  fibres  from  the  roots  above 
those  entering  the  limb   not    contributing  to  GoU's   column,  their 

*  C.  S.  Sherrington, '  Roy.  Soc.  Proc./  toI.  53,  p.  408. 
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upward  path  must  be  via  grey  matter,  and  probably  snbBequentlj  by 
one  of  the  cerebellar  tracts  to  the  cerebellum. 

In  the  cases  of  section  of  the  brachial  and  upper  thoracic  posterior 
roots  no  degenerated  fibres  go  into  Goll's  column,  nor  into  Goll's 
nucleus,  but  there  is  very  extensive  degeneration  of  Burdach's  nucleus. 
The  upward  path  from  the  arm  resembles  therefore  that  of  the  leg  in 
respect  to  its  upward  projection  toward  the  cortex. 

One  of  the  chief  results  to  which,  in  conclusion,  we  wish  to  draw 
attention  is  the  following : — That  afferent  impulses,  both  from  the 
skin  and  from  the  muscles,  especially  the  former,  as  related  to  the 
palm  and  sole,  are  necessary  for  the  carrying  out  of  "  highest  level  " 
movements. 

It  may  be  argued  against  this  assertion  that  in  animals  it  is  impos- 
sible to  obtain  definite  information  as  to  whether  the  animal  can  not 
or  tinll  not  perform  the  movements  the  absence  of  which  has  been 
described. 

From  observations  on  tame  animals  we  are,  however,  ourselves 
firmly  convinced  that  there  exists  actual  inability  to  perform  the 
movements  in  question.  The  reasons  for  this  belief  wil  I  be  detailed 
in  our  fuller  paper. 


IX.  "  On  the  Development  of  the  Branches  of  the  Fifth  Cranial 
Nerve  in  Man."  By  A.  Francis  Dixon,  B.A.,  M.B.,  Chief 
Demonstrator  of  Anatomy,  Trinity  College,  Dublin.  Com- 
municated by  Professor  D.  J.  Cunningham,  F.R.S.  Received 
February  22,  1895. 

(Abstract.) 

The  investigation,  the  general  results  of   which  are  summarisetl 
below,  was  suggested  to  the  author  by  Professor  His,  and  part  of  tlie 
work  was  carried  on  in  his  laboratory  in  Leipzig  in  the  summer  of 
1893.     Models  were  constructed  of  the  cranial  nerves  in  embryos  of 
different  ages,  and  the  branches  present  noted  and  measured.     These 
models  were  made  up  of  glass  plates,  covered  with  varnish,  on  which 
were  drawn  the  outlines  of  the  .sections  and  the  positions  of  the  nerves^ 
<fec.     Detailed  descriptions  of  the  fifth  nerve  branches  are  given  for 
five  different  stages  of  the  human  embryo,  beginning  with  an  embryo 
of  four  weeks,  at  which  time  merely  the  three  main  divisions  of  the 
nerve  are  represented,  and  ending  with   one   of  the  eighth  week. 
The  observations  on  the  human  embryo  have  been  checked  by  further 
observations  on  rat  embryos,  and  an  almost  complete  correspondence 
between  the  two  has  been  made  out. 
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1.  Before  the  ophthalmic  nerve  is  present  in  the  embryo,  a  cellular 
cord  stretches  upwards  and  forwards  fi*om  the  Ghisserian  ganglion, 
and  occupies  the  place  of  the  future  nerve.  This  is  easily  demon- 
strated in  the  rat,  and  a  similar  condition  appears  to  prevail  in  tlie 
human  embryo. 

2.  Axis-cylinder  processes  grow  out  from  the  cells  of  the  Gasserian 
ganglion  into  this  cellular  cord,  and  in  this  manner  the  ophthalmic 
nerve  is  formed. 

3.  The  axis-cylinder  processes  increase  in  number,  while  the  cells 
of  the  original  cord  become  fewer  and  at  the  same  time  become 
disposed  around  the  developing  nerve. 

4.  The  first  formed  ophthalmic  trunk  corresponds  to  the  nasal 
nerve  of  the  adult. 

5.  The  frontal  nerve  is  formed  later,  and  the  proximal  park  in  man 
is  united  in  a  common  trunk  with  the  proximal  part  of  the  nasal 
nerve;  in  the  rat,  however,  the  nerves  in  the  first  instance  take 
separate  origin  from  the  Gasseriau  ganglion. 

6.  In  mammals  no  outlying  park  of  the  Gtksseiian  ganglion  is 
present  as  a  ganglion,  either  for  the  ophthalmic  or  nasal  nerve,  in  the 
sense  of  a  ganglion  of  a  posterior  nerve-root. 

7.  A  single  undivided  Gasserian  ganglion  gives  rise  to  all  three 
divisions  of  the  fifth  nerve. 

8.  In  the  beginning  of  the  sixth  week  all  the  important  branches  of 
the  ophthalmic  nerve  of  the  adult  are  represented  in  the  embryo. 

9.  The  fourth  and  frontal  nerves  are  from  an  early  period  closely 
connected. 

10.  The  ciliary  ganglion  is  first  recognisable  as  a  distinct  cellular 
mass  at  the  beginning  of  the  sixth  week. 

11.  The  ciliary  ganglion  appears,  in  the  first  instance,  to  be  more 
closely  connected  with  the  frontal  and  fourth  nerves  than  with  the 
nasal  and  third  nerves. 

12.  Later  this  ganglion  shifts  its  position,  and  in  the  eighth  week 
it  has  established  the  connections  and  assumed  the  situation  that 
obtains  in  the  adult. 

]  3.  The  ciliary  ganglion  can  in  no  sense  be  the  homologue  of  a 
spinal  ganglion. 

14.  The  superior  maxillary  nerve  appears  as  an  independent 
branch  of  the  Grasserian  ganglion  in  the  embryo  of  four  weeks. 

15.  Soon  the  fibres  of  the  superior  maxillary  nerve  spread  out 
horizontally,  and  are  not  collected  so  compactly  into  a  single  bundle 
as  are  the  fibres  of  the  other  two  divisions  of  the  fifth  nerve. 

16.  All  the  important  branches  of  the  superior  maxillary  are 
present  in  an  embryo  of  seven  weeks. 

17.  Meckel's  ganglion  is  present  as  a  distinct  cellular  mass  at  the 
beginning  of  the  sixth  week. 
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18.  Meckel's  ganglion  in  the  embryo  is  closely  connected  with  the 
otic  ganglion. 

19.  The  inferior  maxillary  nerve  is  at  first  nnbranched. 

20.  The  first  formed  part  of  the  inferior  maxillary  represents  the 
inferior  dental  of  the  adult. 

21.  The  lingual  nerve  is  formed  later,  and  is  still  very  small  in  the 
fifth  week. 

22.  Meckel's  cartilage  presents  a  close  relation  to  the  branches  of 
the  inferior  maxillary  nerve,  and  seems  to  determine  the  directions 
which  they  take. 

23.  All  the  important  branches  of  the  inferior  maxillary  nerve  are 
represented  in  the  embryo  at  the  beginning  of  the  sixth  week. 

24.  At  the  beginning  of  the  sixth  week  the  otic  and  submaxillary 
ganglia  are  present. 

25.  The  chorda-tympani,  the  Vidian,  and  the  nerve  of  Jacobson 
are  not  branches  of  the  fifth  nerve,  inasmuch  as  they  are  not  developed 
from  it. 

26.  The  chorda-tympani  and  Vidian  nerves  are  branches  of  tlie 
facial,  being  developmentally  derived  from  this  nerve;  the  nerve  of 
Jacobson  is  in  like  manner  a  branch  of  the  glossopharyngeal. 

27.  The  origin  of  these  nerves  in  man  is  precisely  similar  to  that  of 
the  corresponding  nerves  in  the  rat. 

28.  There  is  no  direct  evidence  to  prove  that  the  cells  of  the 
accessory  ganglia  of  the  fifth  nerve  are  derived  directly  from  the  cells 
of  the  Gasserian  ganglion. 

29.  The  sympathetic  associated  with  the  carotid  artery  in  the 
adult  is  represented  in  the  embryo  by  fibres  chiefly  derived  from  the 
trunk  ganglion  of  the  vagus  nerve. 


X.  "  Is  Argon  contained  in  Vegetable  or  Animal  Substances  ?  " 
By  George  W.  MaoDonald,  M.Sc.,  and  Alex.  M.  Kellas, 
B.Sc.  Communicated  by  Professor  William  Bamsay, 
F.R.S.     Received  March  19,  1895. 

At  Professor  Ramsay's  suggestion,  experiments  were  undertaken 
to  see  whether  argon  could  be  obtained  from  nitrogenous  vegetable3 
or  from  animal  tissues. 

Method  : — A  few  grams  of  the  substance,  after  drying  if  necessary, 
were  ground  to  a  fine  powder,  desiccated  at  110°  C,  until  the  weight 
was  constant,  and  a  nitrogen  estimation  performed  by  Dumas' 
method.  It  was  supposed  that  any  argon  compound  would  be 
decomposed,  when  the  argon  would  come  ofE  along  with  the  nitrogen. 
The  gas  was  collected  in  a  nitrometer  over  well-boiled  concentrated 
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potash  solution,  whence  it  was  transferred  to  a  small  gasholder 
containing  water  which  had  been  boiled  for  some  hours.  The  gas- 
holder was  connected  with  an  apparatus  similar  in  general  arrange- 
ment to  that  used  by  Professor  Ramsay  in  July  last,  which  enabled 
the  gas  to  be  dried  and  purified  from  hydrocarbons,  carbon  monoxide 
or  hydrogen,  the  nitrogen  beiog  absorbed  by  being  passed  and 
repassed  over  magnesium  turnings  kept  at  a  temperature  of  about 
600"  C.  A  three-way  stopcock  enabled  the  magnesium  tube  and  the 
purifying  and  drying  tubes  adjoining  it  to  be  connected  either  with 
the  second  gasholder  or  with  a  "  Sprengel,'*  so  that  any  residual  gas 
could  be  pumped  off,  and  the  tubes  exhausted  before  admitting  the 
gas.  The  gas  pumped  off  was  collected  in  a  piece  of  hard  glass 
tubing ;  it  was  then  mixed  with  oxygen  prepared  by  heating  potas- 
sium permanganate,  and  sparked  down  until  no  further  diminution 
of  volume  occurred,  when  excess  of  oxygen  was  known  to  be  present. 
The  remaining  gas  was  transferred  by  a  gas  pipette  to  a  tube  standing 
over  mercury,  and  the  oxygen  present  absorbed  by  potassium 
pyrogallate  solution.  Only  one  experiment  was  carried  through  to 
the  end  in  each  case  as  the  results  seemed  conclusive,  although 
several  determinations  of  nitrogen  were  made. 

Peas  were  selected  as  a  typical  vegetable,  and  the  following  is  a 
summary  of  the  results : — 


Expt. 

Weight  of 

desiccated  peas 

taken. 

Volume  of  nitrogen 

collected  (corrected  for 

temp,  and  press.). 

Weight 

of 
nitrogen. 

Percentage  of 
nitrogen  in 
dried  peas. 

1 
2 

grains. 
8*9446 
8-9455 

cc 
465*8 
466-8 

gram. 
0  -5843 
0-5856 

6*53 
6-55 

342  CO.  of  the  volume  collected  in  the  first  experiment  (which  was 
done  in  two  parts)  was  passed  over  the  heated  magnesium  until  so 
much  nitrogen  was  absorbed  that  both  gasholders  were  full  of  water, 
and  the  residue  was  then  left  for  about  12  minutes  in  the  tubes,  the 
magnesium  being  kept  heated  so  that  absorption  of  nitrogen  might 
continue.  On  connecting  with  the  pump,  a  pressare  of  about 
2  in.  was  registered,  and  the  volume  of  gas  pumped  off  had  a 
volume  of  nearly  8  cc.  After  sparking  down  with  excess  of  oxygen 
6*8  cc.  of  gas  was  left,  and  on  absorbiog  by  a  strong  solution  of 
potassium  pvrogallate  (stronger  than  Hempel  recommends  for  com- 
plete absorption)  0'12  cc  of  gas  remained,  which  is  less  than  0*04 
per  cent,  of  the  volume  taken.  To  see  if  this  bubble  of  gas  consisted 
of  carbon  monoxide,  two  experiments  were  performed  with  the  oxy^n 
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used :  9  c.c.  gave  0'2  c.c.  residue,  and  11*2  c.c.  gave  0*25  c.c.  residue, 
with  about  the  same  strength  of  pyrogallate. 

As  the  quantity  of  oxygen  used  in  sparking  down  was  over  20  c.c. 
it  might  safely  be  concluded  that  there  is  no  appreciable  quantity  of 
argon  in  peas  (or  at  least  that  the  argon  cannot  be  obtained  with 
the  nitrogen  by  Dumas'  method). 

The  experiment  with  regard  to  the  presence  of  argon  in  animal 
tissues  was  also  negative  in  its  results.  Mice  were  selected  for  the 
experiment,  because  the  nitrogen  from  the  whole  animal  could  be 
conveniently  collected  by  Dumas'  method.  The  crucial  experiment 
was  carried  out  in  the  same  way  as  before. 

Prom  three  mice  550  c.c.  of  nitrogen  was  obtained.  This  was 
absorbed  by  heated  magnesium  as  usual,  but  the  residual  gas  was 
left  for  over  an  hour  in  the  tubes  after  the  gasholders  had  been 
emptied,  so  that  on  connecting  up  with  the  pump  only  a  few  mm. 
of  pressure  was  registered,  and  the  total  gas  pumped  ofP  occupied 
about  1  c.c.  After  sparking  down  with  large  excess  of  oxygen 
about  10  c.c.  remained,  which  gave  a  residue  of  0'2  c.c.  with  alkaline 
pyrogallate,  which  would  be  about  0*036  per  cent,  of  the  volume 
taken. 

Very  careful  experiments  were  undertaken  to  determine  the  exact 
percentage  of  nitrogen  contained  in  mice,  as  the  volume  from  the 
first  experiments  seemed  too  high.  Two  experiments  with  complete 
mice  gave  the  following  results : — 


Weight  of  mouse. 

Percentage  of  water 
lost  at  110"  C. 

Percentage  of  nitrogen 
in  desiccated  animal. 

A 
6 

1 

grams. 
13-7 
12-5 

73-1 
70-5 

11  0 
10-6 

A  Kjeldahl  determination  of  the  nitrogen  in  a  small  quantity  uf 
mouse  A,  by  Mr.  Frye,  gave  9*0  per  cent.,  so  that  the  high  percentage 
seems  confirmed. 

The  Society  then  adjourned  over  the  Easter  Recess  to  Thursdav, 
April  25. 
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Presents,  March  21,  1895. 

Transactions. 
Berlin: — K.   Preuss.   Akademie   der  Wissenschafteu.      Sitzungs- 
berichte.     1894.     Nos.  89—53.     8vo.    Berlin. 

The  Academy. 

Breslau: — Schlesische     Gesellschaft    fur    vaterlandische    Calt'nr. 

Jahres-Bericht.     71.     870.     Breslau  1894.  The  Society. 

Catania : — Accademia  Gioenia  di  Scienze  Naturali.     Anno  LXXI. 

8vo.    Catania  1894;  Bnllettino.    Fasc.  36 — 38.    8vo.    Catania 

1894.  The  Academy. 
Copenhagen: — Danish  Biological   Station.     Report.     1893.     4to. 

Copenhagen  1894.  The  Station. 

Cracow  : — Academic  des  Sciences.   Bulletin  International.  F^vrier, 

1895.  8vo.     Cracavie.  The  Academy. 
Halle: — Universitat  Halle-Wittenberg.     Das  zweihnndertjahrige 

Jabilanm :  Festbericht.     4to.     Halle  1895. 

The  University. 

Kazan: — Imperial    University.        Scientific    Notes.       [Bussian.'] 

1895.     No.  2.     8vo.     Kazan.  The  University. 

Kew: — Royal   Gardens.     Bulletin  of  Miscellaneous  Information. 

No.  99.     8vo.     London.     1895.  The  Director. 

London: — British  Astronomical  Association.     Memoirs.    Vol.  III. 

Parts  3,  4.     8vo.    London  1895.  The  Association. 

British  Museum.     Catalogue   of    Printed   Books.      Reg — Rem. 

Rev— Rib.     Rib— Ric.     Ris— Rob.     Folio.     London  1S95. 

The  Museum. 

Camera  Club.      Journal.      Vol.  IX.      No.   106.      8vo.     London 

1895.  The  Club. 

London    Mathematical    Society.      Proceedings.      Vol.    XXVI. 

Nos.  500—503.    8vo.    London  [1895].  The  Society. 

Physical    Society.     Proceedings.    Vol.   XIII.      Part  4.     8vo. 

London  1895.  The  Society. 

Lund: — Universitet.       Ars-skrift.       Tom.    XXX.       4to.       Lund 

1893-94.  The  University. 

Manchester: — Manchester    Literary    and    Philosophical    Society. 

Memoirs  and  Proceedings.   Vol.  IX.    No.  2.    8vo.    Manchester 

[1895].  The  Society. 

Naples : — Societit  di  Naturalisti.     Bollettino.     Vol.  VII.     Fasc.  3. 

Vol.  Vm.     Fasc.  1.     8vo.     NapoU  1894^-95.         The  Society. 

Palermo: — Circolo  Matematico.     Rendiconti.     Tomo   JX.     Fasc. 

1—2.     8vo.    Palermo  1895.  The  Society. 

Paris  : — £cole  Normale  Sup^rieure.    Annales  Scientifiques.    Tome 

XIL    No.  3.    4to.    Pam  1895.  Tbft^^>as^, 

VOL.  LVII.  ^  ^ 
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Transactions  {continued). 

Stuttgart : — Konigliclies  Staatsarcliiv.  Wirtembergisclies  Urkand- 
enbnoh.     Bd.  VI.     4to.     8tuUgart\%^L 

The  Wurttemberg  Gbremment. 


Observations  and  Reports. 

Guatemala : — Direccidn  Oeneral  de  Estadistica.     Censo  General  de 
la  Poblacidn  de  la  Reptiblica.     1893.     4to.     Guatemala  1894. 

The  Direction. 

Rio  de  Janeiro : — Observatorio.     Aunuario.     1894.     8vo.     Bio  de 

Janeiro  1893.  The  Observatory. 


Journals. 

Agricultural  Gazette  of  New  South  Wales.    Vol.  V.     Part  12. 

8vo.     Sydney  1894.  Department  of  Agriculture,  Sydney. 

Boletin  de  Minas  Industria  y  Construcciones.     Ano  X.    Num.  10. 

4to.     Lima  1894.  Escuela  de  Ingenieros,  Lima. 


Brioschi  (F.)     Notizie  sulla  Vita  e  sulle  Opere  di  Arturo  Cayley. 

870.     Boma  1895.  The  Author. 

Dollen  (W.)      £ph6merides  des  Stoiles  pour  la  Determination  de 

THenre  et  de  TAzimuth  au  Moyen  d*un  Instrument  des  Passages 

Portatif  etabli  dans  le  Plan  Vertical  de  la  Polaire.     1895.     Svo. 

Dorpat.  The  Author. 


Account  of  the  appropriation  of  the  sum  of  £4,000  (the  Govern- 
ment  Grant)  annually  voted  by  Parliament  to  the  Royal 
Society,  to  be  employed  in  aiding  the  Advancement  of 
Science  (continued  from  vol.  Iv,  p.  305). 

April  1, 1894,  to  March  31,  1895. 

£    8.    d, 
A.  M.  W.  Downing— for  Continuation  of  the  Computa- 
tions for  a  New  Edition  of  Taylor's  Madras  Star  Cata- 
logue          100    0    0 

G.  H.  Darwin — for  Payment  of  Computers  in  an  In- 
vestigation of  the  Problem  of  the  Three  Bodies — 
Periodic  Orbits 100     0    0 

Carried  forward    ,,.      £200    0    0 
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£     8.    d. 

Brought  forward    200    0    0 

^  J.  Holm  and  J.  R.  Erekine-Marray — for  Experimental 
Inyestigations  on  Contact  Electricity  of  Conductors   .  •         25    0    0 

G.  M.  Minchin — for  the  Measurement  of  the  Electro- 
motive Forces  developed  in  certain  Photoelectric  Cells 
by  the  Light  of  the  Moon,  the  Planets,  and  the  Fixed 
Stars,  by  means  of  improved  appliances    50    0     0 

O.  Lodge — ^for  assistance  in  experiments  intended  to 
elucidate  the  connection  between  Ether  and  Ordinary 
Matter 150    0     0 

Owen  Glynne  Jones — for  the  Determination  of  the 
Viscosity  of  Liquids  by  the  measurement  of  the  limiting 
speed  of  bodies  falling  through  the  liquid  under  the 
action  of  gravity 15     0    0 

H.  H.  Turner  (for  Joint  Permanent  Eclipse  Com- 
mittee)— for  Obser^rations  of  the  Total  Solar  Eclipse  of 
August,  1893,  in  Norway  and  in  Japan 250    0    0 

P.  L.  Gray — for  a  Research  on  Radiation  and  especially 
on  the  Connection  of  Radiation  with  the  Temperature 
of  the  Radiating  Surface,  &c 30     0    0 

Prof.  W.  Ramsay — (1)  for  Continuation  of  Experi- 
ments on  Molecular  Surface  Energy,  especially  on  that 
of  Fused  Salts,  Mixtures  and  Solutions  (£25)  ;  (2)  for 
Continuation  of  Researches  on  the  ratio  between  the 
Specific  Heats  of  Ethyl  Oxide  (£25) 50     0    0 

Prof.  Dewar — for  an  Attempt  to  produce  Liquid  Hy- 
drogen, and  thereby  study  the  Properties  of  Matter 
near  the  Zero  of  Absolute  Temperature 400    0    0 

Alfred  E.  Tntton — for  the  Purchase  of  a  Goniometer 
to  be  used  in  a  Research  on  the  connection  between  the 
Atomic  Weight  of  the  Elements  contained  in  the  Crys- 
tallised Substance  and  the  Gonio metrical  and  Optical 
Constants 75     0     0 

W.  E.  Wilson — for  Apparatus  in  aid  of  further 
Research  on  the  Radiation  from  Sun  Spots  and  different 
parts  of  the  Sun 30    0    0 

Dr.  J.  A.  Harker — for  Researches  (1)  on  the  Latent 
Heat  of  Steam  ;  (2)  on  the  Specific  Heat  of  Water,  at 
temperatures  from  0° — if>P 30    0     0 

The  Incoi-porated  Kew  Committee  (per  C.  Chree) — 
for  a  Research  on  the  behaviour  of  Aneroid  Barometers 
when  exposed  to  a  variety  of  Descending  and  Ascending 
Pressures    30    0    0 


Carried  forwaxai,  • , , £\?.^^    ^    ^ 
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£    s.    d. 
Bronght  forward    1,335     0     0 

C.  F.  Cross — for  a  Research  on  the  Special  Chemistry 
of  the  Cellaloses,  the  Physiology  of  their  Elaboration, 
and  their  Feeding  Value 100    0     0 

Dr.  S.  Schryyer — for  Investigation  of  the  Oxidation 
Products  of  Turpentine  Oil 20    0     0 

W.  H.  Perkin,  jud. — for  (1)  Continuance  of  Investiga- 
tion on  Camphoric,  Camphoronic,  and  all  Allied  Acids ; 
(2)  an  Investigation  on  the  Synthetical  Formation  of 
Unsaturated  Closed  Carbon  Chains    60     0     0 

R.  Threlfall — for  Preparation  of  Pure  Selenium,  and 
Exact  Determination  of  its  Electrical  Properties. 162  10     0 

Dr.  F.  R.  Japp — for  an  Investigation  of  the  Reactions 
of  Ketones,  Diketones,  and  Allied  Compounds 75     0     0 

J.  N.  Collie — for  (1)  the  Preparation  of  various  Oxy- 
Compounds  of  Pyridine,  Picoline,  and  Lutidine ;  (2) 
the  Preparation  of  the  Corresponding  Chlorine  Deriva- 
tives ;  (3)  the  Preparation  of  the  Acids  obtained  by  the 
Oxidation  of  the  Chlorides  by  means  of  Permanganate 
of  Potash    , 20    0     0 

W.  A.  Shenstone — ^for  Continuing  the  Investigation 
of  the  Influence  of  Silent  Discharge  on  Oxygen  and 
other  Gases  in  the  purest  state  attainable 80     0     0 

W.  P.  Wynne — for  Continuation  of  the  Study  of 
Qninoline  Sulphonic  Acids,  and  of  certain  Toluene 
Derivatives 50     0     0 

Prof.  W.  R.  Dunstan — for  a  Continuation  of  the  In- 
vestigation of  the  Aconite  Alkaloids,  both  in  respect  of 
their  Chemical  Nature  and  Relationships,  and  of  their 
Physiological  Action , ,       200     0     0 

Prof.  W.  R.  Danstan — to  Determine  the  Precise  Con- 
ditions which  are  necessary  for  the  "  Rusting  "  of  Iron        30     0     0 

Dr.  Percy  Frankland — to  Continue  a  Research  on  the 
Chemical  Changes  which  are  brought  about  in  Pure 
Fermentation 125     0     0 

Dr.  Forsyth-Major  and  Dr.  Woodward — to  enable 
Dr.  Forsyfh-Major  to  visit  Madagascar,  to  investigate 
deposits  yielding  the  Tertiary  and  Qaatemary  Faunas, 
and  to  secure  specimens  of  living  Vertebrata   300    0     0 

R.  Lydekker — for  Continuation  of  the  examination 
and  description  of  Fossil  Vertebrates  of  Argentina  con- 
tained in  the  Museums  of  La  Plata  and  Buenos  Ayres.  •       130    0    0 

Carried  forward   £2,637  10    0 
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£     i.   d 

Brought  forward 2,637  10    0 

B.  Irvine — ^for  Assistance  and  Apparatus  to  be  used 

in  an  Investigation  of  the  Composition  of  Ocean  Waters         50     0    0 
Dr.  John  Murray — for  (I)  the  Examination  of  Deep 

Sea  Deposits  received  from  various  Localities;  (2)  a 

Research  on  the   Pseudomorphic   and  other  Changes 

induced  by  Metallic  and  Ammoniacal   Salts    in    the 

Constituents  of  Marine  Deposits «  ...•        100    0    0 

Dr.  Thomas  Johnson — for  the  Investigation  of  the 
Irish  Marine  Algse ;  their  Structure,  Life-History,  and 
Distribution    25     0    0 

Cecil  C.  Duncan — ^for  the  Continuation  of  a  Series  of 
Observations  on  the  Structure  and  Cause  of  the  Move- 
ments of  the  Diatomaceaa 20     0    0 

West  India  Committee  (per  G.  Murray) — for  carrying 
on  the  Work  of  the  Committee,  and  particularly  to  send 
a  Collector  to  Margarita    100     0    0 

Sandwich  Islands  Committee  (per  D.  Sharp) — to  in- 
vestigate the  Fauna  of  the  Sandwich  Islands  in  continua- 
tion of  the  work  of  the  Sandwich  Islands  Committee. .        100    0    0 

A.  Willey — ^for  an  Expedition  to  the  South  Seas  for 
the  purpose  of  working  out  the  Development  and  Life- 
History  of  the  Pearly  Nau  til  as 200    0     0 

F.  Galton  (for  a  Committee) — ^for  an  Inquiry  into  the 
Measurable  Characteristics  of  Plants  and  Animals ....  50     0    0 

Prof.  D'Arcy  Thompson — to  send  a  Collector  to  Jan 
Mayen's  Land,  Spitzbergen,  and  East  Greenland,  for 
the  purpose  of  obtaining  Zoological  Specimens,  and  of 
making  observations 40     0     0 

Prof.  T.  W.  Bridge — for  further  Researches  in  (a) 
Skeletal  Anatomy  of  the  Teleostean  Fishes ;  (h)  Mor- 
phology of  the  Skull  in  certain  Ganoid  Fishes 25     0     0 

J.  G.  McKendrick — for  a  Research  on  the  Functions 
of  the  Cochlea    50     0     0 

Dr.  Risien  Russell — for  a  Comparative  Investigation 
of  Red  and  White  Muscle 40     0    0 

B.  Moore — ^for  a  Research  on  the  Effect  of  Removal 
of   Certain  Organs  on  "  Stoffwechsel "  in   Dogs  and 

Monkeys 75    0    0 

W.  D.  Halliburton — for  Continuation  of  Research  on 
Nucleo  Albumins  and  their  Influence  on  Intravascular 
Coagulation    50    0    0 

Carried  forward £3,562  10    Q 
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£    $.    d. 
Brought  forward 3,562  10     0 

Dr.  Leonard  Hill — for  the  Continaation  of  a  Research 
on  Intra-cranial  Pressure ; 50    0     0 

J.  W.  Washboum — for  an  Experimental  Inquiry  upon 
the  Nature  of  Immunity,  especially  with  reference  to 
the  Pneumococcus 20    0     0 

Y.  Harley — for  an  Investigation  of  the  Respiratory 
Ghis  Exchange  in  Diseases  of  the  Respiratory  and  Circu- 
latory System 40     0     0 

Rubert  Boyce — for  the  Study  of  the  Descending 
Degenerations  in  the  Brain  and  Spinal  Cord,  and  of  the 
Seat  of  Origin  and  Paths  of  Conduction  of  the  Motor 
Impulses 100     0     0 

C.  A.  Ballance  and  G.  S.  Shattock — for  Continuation 
of  the  Research  into  the  Pathology  of  Cancer 40     0    0 

Dr.  A.  E.  Garrod — for  further  Researches  on  the 
Urinary  Pigments 10     0    0 

W.  M.  Bayliss — for  a  Research  on  the  Mode  of  Action 
of  the  Vaso-motor  Centre,  with  especial  reference  to 
Central  Excitation  of  Yaso-dilators 40     0    0 

S.  M.  Copeman — for  a  Study  of  the  Pathology  of 
Variola  and  Vaccinia 40     0    0 

E.  H.  Starling — for  further  Research  on  the  Physio- 
logy of  Lymph  Formation    50     0     0 

Dr.  R.  T.  Hewlett — to  prepare  a  Supply  of  **  Tetanus 
Antitoxine,'*  and  to  Investigate  the  Nature  of  the  Sub- 
stance or  Substances  which  confer  Immunity  and  which 
Neutralise  the  Tetanus  Toxines •  •  •  •         30    0     0 

Dr.  Sherrington — for  Further  researches  on  the  Topo- 
graphy and  Mode  of  Reflex  and  other  Nervous  Actions 
which  employ  the  lower  half  of  the  Spinal  Cord  in 

the  Monkey 50    0    0 

•  A.  F.  Stanley  Kent — for  a  Study  of  the  Changes 
occurring  in  the  Nuclei  and  Protoplasm  of  Cells  from 
various  Animal  Tissues  as  the  result  of  experimentally 
produced  injurious  conditions 25    0     0 

£4,057  10     0 
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Report  of  the  Incorporated  Kew  Committee  for  the  Year 

ending  December  31,  1894. 


The  operations  of  The  Kew  Observatory,  in  the  Old  Deer  Park, 
Richmond,  Surrey,  are  controlled  by  the  Incorporated  Kew  Committee, 
which  is  constituted  as  follows  : — 

Mr.  F.  Galton,  Chairman, 


Captain  W.  de  W.  Abney,  C.B., 

RE. 
Prof.  W.  G.  Adams. 
Captain  E.  W.  Creak,  R.N. 
Prof.  G.  C.  Foster. 
The  Earl  of  Rosse,  K.P. 
Prof.  A.  W.  Rucker. 


Mr.  R.  H.  Scott. 

Mr.  W.  N.  Shaw. 

Lieutenant- General  R.  Strachey, 

C.S.I. 
General  J.  T.Walker,  C.B. 
Rear- Admiral  W.  J.  L.  Wharton. 


The  Committee  much  regret  the  loss  of  the  services  of  Admiral 
Sir  G.  H.  Richards,  K.C.B.,  formerly  Hydrographer  to  the  Admi- 
ralty, who  has  found  it  necessary  to  retire,  after  having  served  on 
the  Committee  from  the  date,  1871,  when  the  Royal  Society  nnder- 
iook  the  administration  of  the  Observatory. 

The  vacancy  thus  occasioned  has  been  filled  by  the  appointment  of 
Mr.  W.  N.  Shaw,  Tutor  of  Emmanuel  College,  Cambridge,  and  Univer- 
fl'ty  Lecturer  in  Physics. 

The  work  at  the  Observatory  may  be  considered  nnder  the  fol- 
lowing heads: — 

1st.   Magnetic  observations. 

2nd.  Aieteorological  observations. 

3rd.  Solar  observations. 

4th.  Experimental,  in  connexion  with  any  of  the  above  departments. 

5th.  Verification  of  instruments. 

6th.  Rating  of  Watches  and  Marine  Chronometers. 

7th.  Miscellaneous. 

I.  Magnetic  Observations. 

No  change  of  importance  has  been  made  in  the  magnetographs 
during  the  past  year.    The  curves  representing  the  Declination,  Hori- 
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zonial  Force,  and  Yertical  Force  yariaiions  have  been  obtained  nnin- 
termptedly,  and,  as  in  former  years,  the  scale  values  of  all  the 
instrnments  were  determined  in  January. 

The  ordinates  of  the  yarious  photographic  curves  were  then  found 
to  be  as  follows  : — 

Declinometer :  1  inch  =  0°  22'-04.     1  cm.  =  0**  8'7. 

Bifilar,  January  17, 1894,  for  1  inch  BK  =  0-0280  foot  grain  unit. 

„   1  cm.  „   =  000051  C.G.S.  unit. 
Balance,  January  16, 1894, for  1  inch  ^V=  00287  foot  grain  unit. 

„   1  cm.    „  =  000052  C.G.S.  unit. 

In  the  case  of  the  balance  magnetometer  it  was  found  necessary  to 
re-adjust  the  instrument,  and  as  at  the  same  time  its  sensibility  was 
slightly  altered,  the  scale  value  was  again  determined  with  the 
following  result : — 

Balance,  January  23, 1894,  for  1  inch  aV=  00276  foot  grain  unit. 

„    1  cm.     „  =  000050  C.G.S.  unit. 

As  regards  magnetic  disturbances,  the  most  marked  occurred  on 
July  20  and  August  20,  though  on  the  following  dates  the  instru- 
ments were  a  good  deal  disturbed : — 

January  3—4,  February  21,  23—25,  and  28,  March  30—31,  April 
17—18,  June  10,  September  14—15,  19—20,  and  November  13. 

An  examination  of  the  photogi-aphic  curves  of  April  27  and 
July  10,  made  at  the  request  of  Mr.  C.  Davison,  showed  slight  move- 
ments in  the  horizontal  force  magnet,  and  smaller  ones  in  the  declina- 
tion magnet.  These  movements  were  associated  by  Mr.  Davison 
Q  B.A.  Report '  for  1894,  p.  151,  and  '  Nature,'  vol.  50,  pp.  450—451) 
with  the  Greek  and  Constantinople  earthquakes  of  the  same  dates. 
Similar  examinations  have  since  been  made  on  one  or  two  occasions 
at  the  instance  of  Mr.  Davison,  and  of  Professor  Tacchini,  Officio 
Centrale  di  Meteorologia,  Rome,  but  with  negative  results. 

The  hourly  means  and  diurnal  range  of  the  magnetic  elements  for 
1894,  for  the  quiet  days  selected  by  the  Astronomer  Royal,  will  be 
found  in  Appendix  1. 

The  following  are  the  mean  results  for  the  entire  year : — 

Mean  Westerly  Declination 17**  23'0 

Mean  Horizontal  Force 018251  C.G.S.  unit. 

Mean  Inclination    67**  26'-0 

Mean  Vertical  Force 0*43914  C.G.S.  unit. 

A  somewhat  improved  method  has  been  adopted  for  standardising 
the  curves  from  the  vertical  force  magnetograph.  This  introduces 
no  change  in  the  tables  of  "Diurnal  Ranges"  in  the  case  either  of 
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tbe  Vertical  Force  or  Inclination,  bnt  slightly  affects  the  absolate 
yalnes  of  the  "  Hourly  Means."  If  the  method  previously  in  use  bad 
been  followed,  the  mean  results  for  the  year  would  have  been 

Inclination ^T  25'  0 

Vertical  Force   0*43881  C.G.S.  unit. 

The  observations  of  absolute  declination,  horizontal  intensity,  and 
inclination  have  been  made  weekly  during  the  year. 

A  table  of  recent  values  of  the  magnetic  elements  at  the  Obser- 
vatories whose  publications  are  received  at  Kew  was  communicated 
to  the  July  number  of  *  Science  Progress,'  and  it  is  intended  to  con- 
tribute similar  tables  to  the  same  magazine  in  future  years.  It  is 
hoped  in  this  way  to  render  mognetic  data  more  generaUy  accessible 
to  investigators  than  they  have  been  hitherto. 

Mr.  Armitage,  of  the  Jackson-Harms  worth  Polar  Expedition, 
was  given  a  short  course  of  instruction  in  the  use  of  magnetic 
instruments  immediately  prior  to  the  departure  of  the  expedition  in 
July.  A  unifilar  magnetometer  and  a  dip-circle  were  lent  to  the 
expedition  on  the  condition  of  their  being  returned  within  a  specified 
time. 

Captain  Lyons,  R.B.,  practised  for  a  few  days  the  taking  of  mag- 
netic observations  previous  to  his  departure  for  Egypt,  and  Captain 
Schiick,  of  Hamburg,  made  a  few  comparisons  of  his  instruments. 

Mr.  W.  Watson,  of  the  South  Kensington  School  of  Science,  was, 
at  the  request  of  Professor  Rucker,  afforded  facilities  for  making 
some  comparisons  of  different  magnetic  instruments  in  the  Experi- 
mental Magnetic  House. 

II.  Mbteorological  Obsebvations. 

The  several  self-recording  instruments  for  the  continuous  registra- 
tion of  Atmospheric  Pressure,  Temperature  of  Air  and  Wet-bulb, 
Wind  (direction  and  velocity).  Bright  Sunshine,  and  Rain,  have  been 
maintained  in  regular  operation  throughout  the  year,  and  the 
•standard  eye  observations  for  the  control  of  the  automatic  records 
duly  registered. 

The  tabulations  of  the  meteorological  traces  have  been  regularly 
made,  and  these,  as  well  as  copies  of  the  eye  observations,  with 
notes  of  weather,  cloud,  and  sunshine,  have  been  transmitted,  as  usual, 
to  the  Meteorological  Office. 

With  the  sanction  of  the  Meteorological  Council,  data  have  been 
supplied  to  the  Council  of  the  Royal  Meteorological  Society,  the 
Institute  of  Mining  Engineers,  the  editor  of  '  Symons's  Monthly 
Meteorological  Magazine,'  Dr.  Rowland,  and  others. 
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Anemograph, — Early  in  the  year  a  new  **  worm  "  spindle  was  fitted 
to  the  direction  fans,  and  the'  sqnare-headed  pricker  was  replaced 
by  a  round  one,  made  of  extra  hardened  steel.  At  the  same  time 
the  direction  pencil  was  "  tmed  "  in  the  lathe  to  improve  the  mark- 
ing, and  later  on  the  velocity  spiral  was  similarly  treated. 

Barograph, — The  analysis  of  the  valne  of  the  residual  corrections 
mentioned  in  last  Report  showed  that  a  re-determination  of  the 
barograph  scale  was  expedient.  This  was  carried  oat  at  the  Meteoro- 
logical Office,  and  showed  that  the  old  valne  of  1*569  inches  in  the 
cnrve  ordinates  to  1  inch  of  pressure  should  be  replaced  by  1*553 
inches.  The  new  value  has  been  employed  since  January  1,  and  the 
irregularities  of  the  residuals  have  been  much  less  marked  from  that 
date.  • 

Elecirograph. — This  instrument  has  been  in  regular  action  during  the 
year,  with  the  exception  of  about  eleven  days  in  January  and  nineteen 
days  in  August,  and  its  general  performance  has  been  satisfactory. 
Advantage  was  taken  of  the  frost  in  January  to  dismount  the  whole 
of  the  instrument,  to  remove  the  old  acid  in  the  jar  and  insulators, 
and  give  the  apparatus  a  genei'al  overhauling. 

At  the  same  time  the  scale  was  slightly  opened  out.  The  suspen- 
sion thread  was  accidentally  broken  on  August  16,  but  it  was  replaced, 
and  the  instrument  re- started  on  September  4. 

Determinations  of  the  scale  value  were  made  on  March  30, 
June  26,  and  December  27  by  direct  comparison  with  the  Portable 
Electrometer,  White  No.  53. 

The  value  of  the  scale  divisions  of  this  latter  instrument  was 
kindly  determined  by  Professor  Carey  Foster  at  University  College 
Laboratory  during  February,  and  the  value  for  one  division  found  to 
lie  between  197 — 205  volts.  These  experiments  confirmed  the  scale 
value  heretofore  employed,  viz.,  1  scale  division  =  200  volts. 

Inspections. — In  compliance  with  the  request  of  the  Meteorological 
Council,  the  following  Observatories  and  Anemograph  Stations 
were  visited  and  inspected  : — Aberdeen  and  Glasgow,  by  Mr.  Chree ; 
Stonyhurst,  Armagh,  Fort  William,  Valencia,  Deemess  (Orkney), 
Fleetwood,  and  Dublin,  by  Mr.  Baker;  and  Oxford,  Falmouth, 
Alnwick  Castle,  North  Shields,  and  Yarmouth,  by  Mr.  Constable. 

III.  Solar  Observations. 

Sun-spots. — Sketches  of  Sun-spots  have  been  made  on  156  days,  and 
the  groups  numbered,  after  Schwabe's  method. 

Particulars  will  be  found  in  Appendix  II,  Table  IV. 

Time  Signals, — These  have  been  regularly  received  from  Greenwich 
through  the  G.P.O.,  with  the  exception  of  a  few  days,  on  which 
occasions  supplementary  signals  were  transmitted  at  later  hours. 
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IV.  Experimental  Work. 

Fog  and  Mist, — The  observations  of  a  series  of  distant  objects, 
referred  to  in  the  last  Report,  have  been  continued.  A  note  is  taken 
of  the  most  distant  of  the  selected  objects  which  is  visible  at  each 
observation  hour.  An  analysis  of  tlie  results  for  the  period  May, 
1892,  to  December,  1893,  has  been  prepared  and  forwarded  to  the 
Meteorological  Council. 

Electrical  Anemograph, — At  the  instance  of  the  Meteorological 
Council  the  electrical  anemograph  referred  to  in  the  Report  for 
1890,  with  an  improved  arrangement  for  recording  wind  direction, 
has  been  under  trial  for  some  months. 

Atmospheric  Electricity. — To  throw  light  on  the  results  obtained 
with  Lord  Kelvin's  water-dropper,  a  series  of  observations  have 
recently  been  made  for  the  Meteorological  Office  on  the  distribution 
of  electric  potential  in  the  neighbourhood  of  the  Observatory. 

Aneroid  Barometers, — A  grant  of  £30  has  been  obtained  from  the 
Government  Grant  Committee  for  the  purpose  of  conducting  a  research 
on  the  behaviour  of  aneroid  barometers.  The  work  of  constmctiDg 
the  air  pump  and  other  apparatus  required  wa8  entrnsted  to  Mr.  J. 
Hicks.  He  has  unfortunately  experienced  considerable  mechanical 
difficulties,  which  have  delayed  the  construction  of  the  apparatus. 
It  is  hoped,  however,  that  it  will  be  ready  for  use  at  an  early  dat«. 

Therrruymetry, — Experiments  are  proceeding  with  a  view  to  facili- 
tate, and  put  on  a  more  certain  basis,  the  *'  time-test "  in  clinical 
thermometers — i.e.,  the  measurement  of  the  time  required  by  a 
thermometer  to  record  the  temperature  of  the  body. 

A  sub-committee  is  now  considering  the  question  of  the  degree  of 
accuracy  to  be  aimed  at  in  the  comparison  of  thermometers,  the 
form  and  construction  of  Kew  Standards,  and  the  advisability  of 
supplying  on  the  certificate  forms  fuller  information  than  is  given  at 
present. 

Lens  Testing. — A  large  number  of  experiments  have  been  made  for 
the  purpose  of  devising  a  photographic  object  for  the  definition  test 
of  lenses,  which  will  supply  more  certain  results  than  those  hitherto 
obtained.  A  photographic  object,  reduced  by  Messrs.  Morgan  and 
Kidd,  has  given  some  fairly  satisfactory  results ;  but  it  is  hoped  a 
still  further  improvement  may  be  efEected  by  means  of  an  object, 
suggested  by  Major  Darwin,  which  is  about  to  be  qonstructed. 

V.  Verification  op  Instruments. 

The  subjoined  is  a  list  of  the  instruments  examined  in  the  year 
1894,  with  the  corresponding  results  for  1893 : — 


Report  of  tlie  Keio  Committee. 


505 


^ir-meters    

Anemometers 

Aneroids 

Artificial  horizons. .  •  • 

Barometers,  Marine .  • 
„  Standard 

„  Station . . 

Binoculars 

Compasses 

Deflectors 

Hydrometers 

Inclinometers   

Photographic  Lenses 

Magnets 

Navy  Telescopes  . . . , 


•  •  • » 


•  «4  • 


Rain  Ganges 

Rain  Measures 

Sextants 

Sextant  Shades     

Sunshine  Recorders 

Theodolites    

Thermometers,  Arctic 

Avitreous  or  Immisch's 

Chemical    

Clinical   

Deep  sea 

Meteorological 

Mountain    

Solar  radiation 

Standard    


>j 


>> 


5> 


)t 


»> 


»> 


)> 


51 

Unifilars 

Vertical  Force  Instruments 


Number  tested  in  the  year 
ending  December  31. 

1893. 
15 

1894. 
4 

24 

2 

59 

48 

15 

31 

98 

119 

50 

Q^ 

30 

12 

466 

417 

12 

64 

4 

1 

591 

289 

2 

3 

31 

27 

3 

14 

913 

249 

19 

6 

37 

10 

517 

461 

47 

0 

1 

1 

2 

4 

44 

51 

54 

28 

57 

64 

14,682 
69 

15,593 
35 

2,246 
18 

3,225 
23 

2 

2 

88 

74 

1 

7 

0 

6 

Total 20,197 


20,936 


Duplicate  copies  of  corrections  have  been  supplied  in  68  cases. 
The  number  of  instruments  rejected  on  account  of  excessive  error, 
or  for  other  reasons,  was  as  follows  : — 

Thermometers,  clinical 91 

„  ordinary  meteorological 18 

Sextants • 60 

Telescopes 17 

Various    • « *  VL 
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3  Standard  Thermometers  have  been  supplied  during  the  year. 

There  were  at  the  end  of  the  year  in  the  Observatory  nndergoin^j 
verification,  74  Barometers,  595  Thermometers,  9  Sextants,  3  Hydro- 
meters, 2  Anemometers,  and  3  Unifilar  Magnetometers. 

VI.  Rating  of  Watches  and  Chronometers. 

As  was  anticipated  in  last  Report,  the  number  of  watches  entered 
for  the  class  B  and  C  tests  has  been  much  reduced. 

Those,  however,  entered  for  the  higher  test,  class  A,  have  been 
folly  up  to  the  average  in  number,  and  decidedly  above  the  average 
in  quality,  the  movements  obtaining  the  highest  grade  of  certificate, 
the  class  A,  especially  good,  being  considerably  in  excess  of  any 
previous  year. 

The  737  watches  received  were  entered  for  trial  as  below  : — 

For  class  A,  378 ;  class  B,  183 ;  class  C,  166 ;  and  10  for  the  subsi- 
diary trial.  Of  these  7  passed  the  subsidiary  test,  151  failed  from 
various  causes  to  gain  any  certificate;  115  were  awarded  class  C 
certificates,  179  class  B,  and  285  class  A ;  of  the  latter,  46  obtained 
the  highest  form  of  certificate,  class  A,  especially  good. 

In  Appendix  III  will  be  found  a  table  giving  the  results  of  trial 
of  the  46  watches  which  gained  the  highest  number  of  marks  during 
the  year.  The  first  place  was  taken  by  Messrs.  Baume  and  Co., 
London,  with  a  keyless,  going- barrel,  chronometer- watch.  No.  103,025, 
with  the  "  Tourbillon  "  escapement,  which  obtained  88*8  marks  out  of 
a  maximum  of  100. 

The  best  pei'formance  of  lever  watches  daring  the  year  was  that  of 
No.  52,882  by  A.  E.  Fridlander,  Coventry,  which  gained  87*3  marks. 

The  high  position  gained  for  several  years  past  by  Tourbillon 
watches  has  led  to  increased  interest  being  taken  by  English  manu- 
facturers in  this  escapement,  and  some  new  forms  and  modifications 
have  been  devised. 

Of  these,  one  of  the  most  successful  at  present  appears  to  be  that 
known  as  the  "  Karrusel."  Specimens  of  this  form  have  been  sent 
for  the  A  trial  by  different  firms,  and  given  excellent  resnlts, 
examples  of  which  will  be  found  in  the  list  given  in  Appendix  III. 

Non-Magnetic  Watches, — Fifteen  watches  thus  designated  have  been 
examined  during  the  year,  both  as  to  their  ordinary  time-keeping  and 
also  as  to  their  '*  non-magnetic  "  properties,  and  although  the  trial 
to  which  tbey  are  submitted  is  severe,  in  the  majority  of  cases  the 
watches  were  found  to  perform  very  satisfactorily. 

Marine  Ghronometers. — The  second  trial  of  chronometers  on  the 
Greenwich  plan,  mentioned  in  last  Report,  was  finished  in  April. 
Of  the  12  entered,  1  was  withdrawn,  and  8  of  the  remainder  attained 
the  limit  prescribed  by  the  Italian  Government.  A  similar  trial  for 
the  Portuguese  Government  was  carried  out  from  June  to  December. 
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A  brief  summary  of  the  performance  of  the  clironometers  is  given  in 
Table  III,  Appendix  III. 

During  the  year  21  chronometers  have  been  entered  for  the  Kew  A 
trial,  of  which  11  were  certificated,  1  failed  to  pass,  and  9  are  still 
under  examination. 

YII.  MlSCELLANKOUS. 

Lens  Testing. — During  the  year  27  lenses  have  been  tested ;  of  these 
7  received  class  A  and  20  class  B  certificates.  Some  of  the 
recent  forms  of  Jena  glass  lenses  have  been  under  trial.  With  these 
there  appears  to  be  a  superposition  of  two  curvatures  in  opposite 
directions,  one  predominating  near  the  centre,  the  other  at  the  edge  of 
the  field.  The  resultant  curvature  is  generally  unusually  small  near  the 
centre  and  over  the  greater  portion  of  the  field,  but  in  some  instances 
at  least  it  increases  rapidly  near  the  edge  of  the  field,  and  special 
attention  should  be  paid  to  the  size  of  stop  to  secure  the  best  results. 

Paper, — Prepared  photographic  paper  has  been  procured  and  sup- 
plied to  the  Observatories  at  Aberdeen,  Oxford,  Stonyhurst,  Lisbon, 
Mauritius,  St.  Petersburg,  and  through  the  Meteorological  Office  to 
Batavia,  Fort  William  and  Valencia. 

Anemograph  and  rain  sheets  and  sunshine  cards  have  been  supplied 
to  the  Hong  Kong.and  Mauritius  Observatories,  and  blank  forms  for 
the  entry  of  magnetic  observations  to  the  Science  and  Art  Depart- 
ment, London,  the  India  Office,  the  Jackson-Harmsworth  Polar 
Expedition,  and  Captain  Lyons,  R.E. 

Exhibition  of  Cloud  Photographs. — Some  specimens  of  cloud  and 
other  photographs  and  lantern  slides  were  shown  by  the  Committee 
at  the  Royal  Meteorological  Society's  Exhibition  in  April. 

Pendulum  Observations. — In  December  Mr.  E.  F.  J.  Love,  of  Mel- 
bourne, at  the  request  of  Mr.  Ellery,  was  given  the  use  of  the  sextant 
testing  room  for  a  few  days  for  the  purpose  of  swinging  a  set  of 
half -second  pendulums  on  the  spot  where  observations  were  taken  by 
Major  von  Stemeck  in  April,  1893. 

House,  Grounds,  and  Path. — The  negotiations  with  Her  Majesty's 
Office  of  Woods  and  Forests,  referred  to  in  last  year's  Report,  have 
led  to  an  increase  of  5  acres  in  the  area  of  the  Old  Deer  Park  leased 
by  the  Committee.  The  new  lease  contained  the  condition  that  the 
entire  holding  should  bo  enclosed  in  a  substantial  fence.  An  oak 
park  paling  has  accordingly  been  erected  at  a  cost  of  rather  more 
than  £350.  This  expense,  however,  together  with  that  of  continuing 
the  existing  roadway  from  Fuller's  Gate,  through  the  new  holding, 
has  been  wholly  met  by  a  gift  of  £-400  made  for  the  purpose  by  Mr. 
F.  Galton. 

Library, — During  the  year  the  library  has  received  publications 

from — 
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34  Scientific  Societies    and    Institntions   of    Great   Britain   and 

Ireland. 
113  Foreign  and  Colonial  Scientific  Establishments,  as  well  as 

from  several  private  individnals. 

Early  in  the  year  the  library  received  from  the  Royal  Society  of 
Edinburgh  a  present  of  its  Proceedings  and  Transactions  from  1882, 
thns  completing  the  series  from  1867.  These  books,  as  well  as  several 
others,  have  been  bound.  The  Konigliche  Preussische  Akademie  der 
Wissenschaften,  Berlin,  have  kindly  consented  to  forward  periodically 
the  mathematical  and  physical  numbers  of  their  Sitzungsberichte. 
The  Meteorological  Office  presented  several  copies  of  meteorological 
publications  of  which  they  had  duplicates.  Lady  Lefroy  also  pre- 
sented some  books  belonging  to  the  late  Sir  J.  Henry  Lefroy. 

Back  numbers  of  the  Kew  Reports  have  been  sent  to  several 
institutions  at  the  request  of  their  respective  directors,  and  some  new 
names  have  been  placed  on  the  distribution  list. 

The  card  catalogue  has  been  proceeded  with,  200  cards  having  been 
entered  during  the  past  year. 

Loan  Repaid, — The  Kew  Committee  have  repaid  the  Royal  Society 
the  final  instalment  of  the  £400  advanced  by  them  in  1893  to  defray 
the  cost  of  the  new  building. 

Audit,  ^c. — An  audit  of  the  Observatory  accounts  for  1893  was 
carried  out  in  May,  1894,  by  Mr.  Keen,  Chartered  Accountant,  on 
behalf  of  the  Royal  Society.  In  consequence  of  his  suggestions,  somo 
changes  have  been  introduced  in  the  system  of  book-keeping. 

The  accounts  of  1894  have  been  audited  by  Mr.  Keen  on  behalf  of 
the  Royal  Society,  and  by  General  J.  T.  Walker  on  behalf  of  the 
Committee. 

The  balance  sheet,  with  a  comparison  of  the  expenditure  for  the 
two  years  1893  and  1894,  is  appended. 

Personal  Establishment. 

The  staff  employed  is  as  follows : — 
C.  Chree,  M.A.,  Superintendent. 
T.  W.  Baker,  Chief  Assistant. 
E.  G.  Constable,  Observations  and  Rating. 
W.  Hugo,  Verification  Department. 
J.  Foster  „  „ 

T.  Gunter         „  „ 

W.  J.  Boxall     „  „ 

E.  Dagwell,  Observations  and  Rating. 

R.  S.  Whipple,  Accounts  and  Library,  and  six  other  Assistants. 
A  Caretaker  and  Housekeeper  are  also  employed. 

FRANCIS  GALTON, 
March  15,  1895.  Chairman, 
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Comparison  of  Expenditure  (excluding  Commissions)  for  the  twelve 
months  ending  December  31st,  1893,  and  December  31st,  1894. 


Net  Expenditure. 

1893. 

1894. 

Increase. 

Decrease. 

Administration^' 

£    #.    d. 

£    s.    d. 

£    s,    d. 

'   £     e.    d. 

Superintendent 

291  18    4 

400    0    0 

108    6    8 

•  • 

Office  .  • 

148  18    0 

85  12    3 

219    3    1 

94  10    0 

73  19    9 

210    6    8 

54    8    0 

11  12    6 

8  16    5 

Bent,  fuel,  lighting, 

Attendance  and  con- 
tingencies   

"Whipple "Fund  .. 

50    0    0 

•  • 

50    0    0 

formal  Observatory — 

Salaries  ••••••••.••• 

340  18    5 
63  17    5 

334  10    6 

41    2    2 

6    7  11 
22  15    8 

Incidental  expenses.. 

Sesearches — 

Salaries  .••• 

227    4    0 

179    5    0 
0  10    0 

0  10    0 

47  19    0 

•  • 

Incidental  expenses.. 

Tests^ 

Salaries  ••••••.••••* 

866  18    0 
181    8    7 

868  14    9 
155    2    9 

1  16    9 

•  • 

•  • 
26    5  10 

Incidental  expenses . . 

Normal       expenditure, 
showing    a    decrease 
of£11711s.  6d. 

2,475  13    1 

2,858    1    7 

110  13    5 

228    4  11 

Royal  Society — 

Bepayment  of  Loan  . 

200    0    0 

200    0    0 

a  • 

•  • 

Construction    of    New 
Fence  round  Obser- 
Tatorr ••.... 

804    8    6 

304    8     6 

Payment  of  Pendulum 

AfiftOUnt   ...r*.*   »•  *  r 

117    1    7 
59  16    9 

•  • 

•  • 

•  • 

•  • 

117    1    7 
59  16    9 

Extension  of  Premises. . 

414  16  11 
405    3    S 

405    3    8 

•• 

Total  expenditure. ..... 

2,852  11    6 

2,862    5    1 

9  13    8 

•  • 

TOL.  LTII. 
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List  of  Instrnmeuts,  Apparatns,  <fec.,  tlie  Property  of  tlie  Kew  Com- 
mittee, at  tlie  present  date  oat  of  the  custody  of  tlie  Saperintendent, 
on  Loan. 


To  whom  lent. 

Articles. 

Date 
of  loan. 

G.  J.  Symons,  F.E.S. 

Th«  Science  and  Art 
Department,  South 
Kensington. 

Professor  W.  Grylls 
Adams,  F.S.S. 

Captain  W.  de  W. 
Abney,  FJRJQ. 

LordEayleigh,P.E.8. 

R.  J.  Elleiy,  F.E.S. . 

The    "Jackson- 
Harmsworth" 
Polar  Expedition. 

Port-ftble  Transit  Tust'^ument «.  t ............ . 

1869 
1876 

1883 
1887 

1885 
1885 
1892 

1894 

Articles  specified  in  the  list   in  the  Annual 
Beoort  for  1893 

Unifilar  Magnetometer,  by  Jones,  No.  101, 
complete ...•> 

Pair  9-inch  Dip-Needles  with  Bar  Magnets  .  •  . 
Mason's  HTsrometer.  by  Jones 

Standard  Barometer  (Adie,  No.  655) « . 

Pendulum  Apparatus,  complete,  with  Bichard 
ThermofinraDh .••••• 

Unifilar    Magnetometer,    by    Jones,    marked 
N.A.B.C.,  complete.     Dip-Circle,  by  Bar- 
row, with  two  Needles  and  Bar  Magnets. 
Two  Tripod  Stands 

■ 
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APPENDIX  I.  I 


Magnetical  Observations,  1894. 

Made  at  the  Kew  Observatory,  Richmond,  Lat.  5 1*'  28'  6 
N.  and  Long.  0^  1°*  15'-1  W. 


The  resnlts  given  in  the  following  tables  are  deduced  from  the 
magnetograph  cnrves  which  have  been  standardised  hj  observations 
of  deflection  and  vibration.  These  were  made  with  the  Collimator 
Magnefc  K.C.  I.  and  the  Declinometer  Magnet  marked  K.O.  90  in  the 
9-inch  Unifilar  Magnetometer  by  Jones. 

The  Inclination  was  observed  with  the  Inclinometer  by  Barrow, 
No.  33,  and  needles  1  and  2,  which  are  3^  inches  in  length. 

The  Declination  and  Force  valnes  given  in  Tables  I  to  VIII  are 
prepared  in  accordance  with  the  suggestions  made  in  the  fifth  report 
of  the  Committee  of  the  British  Association  on  comparing  and 
reducing  Magnetic  Observations.  i 

The  following  is  a  list  of  the  days  daring  the  year  1894  which 
were  selected  by  the  Astronomer  Royal,  as  suitable  for  the  deter- 
mination of  the  magnetic  dinrnal  variations,  and  which  have  been 
employed  in  the  preparation  of  the  magnetic  tables  : — 

• 

January  9,  15,  19,  20,  27.            ; 

February 8,  10,  11,  14,  17. 

March 5,     7,  13,  28,  29. 

April 4,  11,  16,  22.  23. 

May 6,11,12,19,27. 

June 7,  13,  15,  26,  27. 

July 7,  10,  14,  26,  31. 

August 2,  10,  17,  18,  28. 

September  3,    4,    6,  13,  26. 

October. 10,  11,  12,  23,  28.                      . 

November 4,    6,  12,  21,  22. 

December 4,  11,  25,  26,  27. 
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Table  I. — Honrly  Means  of  Declination,  as  determined  firom  the 


Hours 

Mid. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

(17*  +  )  West                                    Winter. 

1894 

HontliB. 

/ 

' 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

Jan.  . . 

24-8 

24-7 

24-9 

25  0 

25  0 

25  0 

24*8 

24*6 

24-2 

23-6 

25  0 

26-4 

Feb.  .. 

22-2 

22  0 

22-6 

22-9 

28 -3 

23-7 

23-7 

23*4 

22-7 

22-4 

28-7 

25-9 

March. 

23-6 

28-8 

23-7 

23-8 

23-2 

23*3 

22-9 

22-0 

20*4 

20-3 

22  3 

25-9 

Oct.   . . 

10-8 

20-0 

20-4 

20-2 

20  1 

20-1 

19-8 

19-8 

18-7 

18-8 

20-4 

28  0 

Not.  .. 

19  1 

19-7 

20  0 

19-8 

19-9 

19-6 

19-1 

19-3 

18-7 

18-6 

20-2 

22  1 

Deo.  .. 

19-2 
21-4 

19-4 

19*4 

19-4 

19-4 

19-2 

19  0 

18-9 

18-8 

18-6 

19-6 

20-6 

Mean 

21-6 

21-8 

21-8 

21-8 

21-8 

21-6 

21-3 

20-6 

20-4 

21-9 

24-0 

Summer. 

/ 

f 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

i 

/ 

April.. 
May  .. 

22-5 

22-5 

22-8 

22-0 

22-2 

22  1 

21*2 

19-5 

18-0 

17-8 

20-3 

24-5 

22-8 

22-9 

22-6 

22*4 

21-8 

20-7 

19-6 

18-2 

18-6 

20-0 

22-7 

26-9 

June.. 

22-7 

22-5 

22  1 

21-3 

20-7 

19*4 

18  1 

17*4 

18-0 

19-3 

21-4 

24-1 

July  .. 

22-2 

21-9 

21-7 

22  1 

21-5 

20  0 

19- 1 

19-1 

18-7 

19-7 

22-2 

24-7 

Aug.  .. 

22-2 

21-8 

21-3 

21  0 

20*4 

19-6 

18-5 

17-4 

17-6 

19-2 

23-0 

26-9 

Sept. .  • 

19-9 

19-9 

19-9 

20  1 

19-7 

19-6 

19  0 

18-0 

18  1 

19-6 

22-3 

25-8 
25-3 

Mean 

22  0 

21-9 

21-7 

21-5 

21-1 

20*2 

19-3 

18-3 

18-2 

19-3 

22  0 

Table  II.— So 

larDi 

omal 

Bango  of  the  Kew 

Hours 

Mid. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Summer  Mean. 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

-11 

-1-2 

-1-4 

-i-e 

-20 

-2-9 

-3-8 

-4-8 

-.4-9 

-3-8 

-11 

+  2-2 

Winter  Mean. 

/ 

/ 

/ 

/ 

/ 

' 

/ 

/ 

/ 

/ 

/ 

/ 

-1-6 

-1-4 

-1-2 

-.1-2 

-1-2 

-1-2 

-1-4 

-1-7 

-.2-4 

-2-6 

-11 

+  1-0 

Annual  Mean. 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

i 

/ 

/ 

/ 

/ 

-1-8 

-l-S 

-1-3 

-1-4 

-1-6 

-2-0 

-2-6 

-8-8 

-.3-6 

-8-2 

-11 

+  1-6 

NoTB. — When  the  sign  is  +  the  magnel 
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selected  quiet  Days  in  1894.    (The  Mean  for  tlie  Year  =  17^  23''0  west.) 


Noon 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Mk 

Winter. 

28*4 
28-3 
29*4 
26-7 
23*5 
21-6 

29-7 
29-9 
30-9 
26-4 
24-8 
22-5 

30  0 
30*4 
30-7 
25-7 
24-3 
22-5 

290 
30  0 
290 
24-9 
22-9 
22  1 

28*0 
28*1 
26*9 
23*2 
22*0 
21  1 

27*6 
27*7 
25*7 
22*6 
21*3 
20*4 

27*3 
26*8 
25*3 
21*9 
20*9 
20*1 

/ 

26*8 
26*9 
25*2 
21*6 
20*5 
19*8 

26*2 
25*7 
24*8 
21*4 
20*1 
19*4 

25-8 
25-4 

;24*6 

20*7 
19*7 
19*2 

/ 

25*6 
25  1 
24*4 
20  0 
19-5 
18*9 

25-3 
24*6 
84*0 
19-5 
19-7 
18*9 

26* 
24- 
23- 
19* 
19* 
19- 

26-2 

27-4 

27-3 

26*3 

24*9 

24*2 

23*7 

23*5 

22*9 

22-6 

22*2 

22*0 

21" 

Summer. 

28-7 
29-2 
27-1 
27-8 
29-8 
281 

31-6 
30-8 
28-9 
28-8 
30-9 
29-6 

31-2 
31-3 
28  0 
29-4 
29-8 
28-2 

29*2 
29-7 
27-3 
28-5 
28  1 
26-9 

27*4 
27*8 
26*6 
26*3 
26*5 
24*3 

25-8 
26-2 
25  0 
24*4 
28*3 
22-9 

24-3 
25*1 
24*4 
28-5 
22*2 
22*5 

23*8 
24*6 
23-9 
23*3 
22*2 
22*2 

23*9 
23-9 
23*6 
23*0 
22*3 
21*8 

23*9 
23-4 
23-6 
22*8 
22*5 
21*9 

24*0 
23*6 
23*6 
22*2 
21-7 
21*8 

23*5 
23*4 

22*0 
21-7 
22*0 
21*3 

28 
28 
22 
20 
21 
20 

28*4 

80  1 

29-7 

28-1 

26-3 

24-6 

23-7 

23*3 

23*1 

23  0 

22-8 

22  3 

21 

Declini 

iiion  a 

8  deri^ 

red  frc 

)inTal 

blel. 

Noon 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9.' 

10. 

11. 

Mi 

Summer  Mean. 

+  5-3 

-^7-0 

/ 
+  6-6 

+  60 

+  3-2 

+  1*5 

/ 
+  0*6 

+  0*2 

0-0 

-0*1 

-0*3 

-0*8 

-1 

Winter  Mean. 

+  3-2 

+  4-4 

/ 
+  4-3 

+  3-3 

+  1*9 

+  1*2 

+0-7 

+  0*6 

/ 
-0*1 

/ 
-0*4 

-0*8 

-10 

-1 

Annual  Mean. 

+  4-3 

+  6-7 

+  6-5 

+  4*2 

+  2*6 

+  1*3 

+  0*6 

+  0*3 

/ 

00 

-0*2 

-0*5 

-0*9 

-1 

points  to  the  west  of  its  mean  position. 
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Table  III. — Hourly  Means  of  the  Horizontal  Force  in  C.G.S.  nnits  (corrected 

(The  Mean  for  the 


Hours 

Mid. 

1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 

10. 

11. 

0-18000  +                                        Winter. 

1804. 
Months. 
Jan.  .. 
Feb.  .. 
March. 
Oct.   •• 
Not.  ., 
Deo.  .. 

241 
287 
249 
258 
260 
264 

240 
286 
246 
257 
261 
265 

240 
286 
246 
258 
262 
263 

240 
287 
246 
260 
261 
268 

241 
240 
246 
269 
266 
266 

244 
246 
248 
263 
271 
266 

244 
246 
249 
264 
272 
266 

244 
247 
247 
260 
268 
265 

242 
244 
240 
254 
260 
263 

285 
286 
280 
244 
251 
260 

232 
227 
221 
235 
242 
254 

229 
224 
219 
282 
240 
254 

Mean 

252 

251 

251 

251 

268 

256 

257 

265 

251 

248 

234 

233 

Summer.                                                                        | 

1 

April.. 
May  .. 
June  .. 
July  .. 
Aug.  .. 
Sept.  • . 

256 
264 
260 
255 
267 
258 

255 
268 
259 
254 
258 
255 

255 
259 
260 
252 

257 
254 

254 

257 
269 
254 
256 
263 

256 
267 
268 
252 
265 
263 

257 
267 
257 
250 
262 
263 

266 
268 
250 
242 
246 
248 

261 
244 
243 
241 
235 
242 

288 
286 
285 
284 
226 
280 

226 
228 
226 
223 
220 
221 

217 
226 
221 
217 
219 
219 

213 
225 
225  ' 

219! 

22Sl 
224' 

Mean 

258 

257 

256 

256 

255 

264 

249 

243 

283 

224 

220       2S2i 

I 

Table  IV.— Diurnal 

Range  of  the  Eew 

Hours 

Mid. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

U. 

Summer  Mean. 

+  •00007 

■I-  -00006  +  'OOOOft 

+  00005  +  -00004  +  -OOOOS 

-•00002 

-•00008 

-•00018 

-•00027 

-•00031 

-•00029 

Winter  Mean. 


+  •00001 


•00000 


•00000 


•00000 


+  •00002+^00006 


+  •00006 


+  •00004 


•00000 


-•00008; --00017 


-•OOOU 


Annual  Mean. 


+  •00004 


+  •00003 


+  •00003 


+  •00008 


+  •00003 


+  •00004 


+  •00002 


•OOOOa-'i 


-•00009 


-•00017 


-•00024 


-•00023 


KoTB.— When  tbe  t|gn  It  +  tlK 
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for  Temperatnre)  as  determined  from  the  selected  qniet  Days  in  1894. 
Year  =  018251.) 


Noon. 


1. 


2. 


3. 


4. 


6. 


6. 


7. 


8. 


0. 


10. 


Winter. 


11. 


229 
227 
225 
239 
240 
254 


236 


233 
233 
234 
246 
244 
258 


241 


235 
237 
240 
253 
251 
261 


246 


236 
243 
245 
255 
254 
262 


249 


239 
243 
249 
265 
259 
266 


252 


244 
247 
247 
261 
264 
269 


255 


247 
249 
250 
264 
267 
271 


258 


250 
252 
250 
264 
268 
270 


259 


248 
252 
251 
263 
266 
270 


238 


249 
251 
250 
265 
266 
266 

258 


248 
251 
250 
264 
266 
265 


257 


Sammer. 


247 
250 
252 
264 
266 
266 


258 


217 
229 
234 
223 
231 
232 


224 

232 

242 

247 

255 

267 

260 

260 

258 

257 

256 

238 

247 

259 

268 

278 

278 

277 

276 

274 

271 

269 

244 

252 

262 

271 

273 

277 

277 

273 

271 

269 

264 

229 

242 

254 

267 

265 

266 

268 

265 

263 

263 

262 

238 

248 

254 

258 

261 

264 

266 

264 

262 

260 

260 

243 

244 

246 

248 

252 

258 

261 

263 

263 

263 

262 

236 

244 

253 

258 

264 

267 

268 

267 

265 

264 

262 

Horizontal  Force  as  deduced  from  Table  111. 


Noon 

1. 

2. 

8. 

4. 

b. 

6. 

7. 

8. 

9. 

10. 

11. 

Mid 

Summer  Mean. 

-  00023 

-•00016 

-•00007 

+  •OOpO?  1- •OOOOT 

+  -00013  +  -oooie 

+  •00017 

+  •00016 

+  •00014 

+  •00013 

• 

+  •00011 

+  •000 

Winter  Mean. 

-•00015 

-•00010 

-  •OOOOft  -  -00002  +  -OOOOl 

+  •00004 

+  •00007 

+  •00008 

+  •00007 

+  •00007 

+  •00006, +  ^00007 

1 

+  •00(1 

Annual  Mean. 

-00019 

-•00012 

-•00006 

•00000 

+  •00004  +  "OOOOS  +  •oooii 

+  •00012 

+  -00011  +  •oooic 

+  •00010 

+  •00009 

+  *00C 

reading  i*  abote  the  mean. 
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Table  V. — Hourlj  Means  of  the  Kew  Vertical  Force  in  C.Q.S.  units  (oorrectc 

(The  Mean  for  the 


Honn 

Mid. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

0-430C 

K)  + 

"Winter. 

1894. 

1 

Months. 

, 

Jan.   ,. 

940 

939 

939 

938 

938 

938 

938 

937 

937 

936 

983 

932 

Feb.  .. 

927 

926 

926 

926 

926 

925 

926 

925 

926 

927 

923 

921 

March. 

988 

939 

939 

940 

941 

942 

944 

946 

944 

939 

931 

926 

Oct.   .. 

917 

917 

915 

915 

915 

914 

914 

915 

915 

912 

905 

902 

Nov.  .. 

916 

915 

916 

916 

916 

916 

916 

916 

918 

917 

914 

913 

Dec.  .. 

910 

910 

910 

910 

910 

909 

909 

909 

910 

909 

909 

910 

Mean 

925 

924 

924 

924 

924 

924 

925 

925 

925 

923 

919 

917 

« 

Sutni 

ner. 

April.. 

945 

944 

944 

945 

944 

946 

946 

948 

947 

942 

936 

1 
931  i 

May  .. 

910 

910 

912 

914 

916 

918 

919 

917 

918 

909 

901 

893 ; 

June  .. 

900 

898 

897 

898 

899 

901 

904 

905 

901 

900 

893 

888 

July  .. 

888 

887 

887 

887 

889 

891 

890 

890 

884 

880 

875 

871 

Aug.  .. 

888 

888 

888 

887 

889 

892 

892 

892 

889 

884 

879 

«77 

Sept. . . 

889 

890 

891 

892 

893 

898 

895 

897 

895 

891 

885 

880 

Mean 

903 

903 

903 

904 

905 

907 

908 

908 

905 

901 

895 

890 

Table  VI. — Diurnal  Range  of  the  Kew 


Hours 

Mid. 

1. 

'  2. 

s. 

4. 

6. 

6. 

7. 

8. 

9. 

10. 

u. 

• 

Sammer  Mean. 

-•00001 

-•00001 

-•00001 

•00000 

+  •00001 

+  •00003 

+  •00004 

+  •00004 

+  •00001 

-•00008 

1 
-•00009 

- -00014 

Wiater  Mean. 

+  •00001 

•00000 

•00000 

•00000 

•ooooo 

•OOOOO 

+  •00001 

+  •00001 

+  •00001 

-•00001 

-•00005 

-•OOOOl 

Annual  Mean. 

• 

•00000 

•00000 

•00000 

•00000 

+  •00001 

+  •00002 

+  •00008 

+  •00008 

+00001 

-•00002 

-•00007 

--00011 

Non.— Whin  tbe  atgn  la  -i-  tl 
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for  Temperature),  as  determined  from  the  selected  qniet  Days  in  1894. 
Year  =  0-43914.) 


I 


J^oon. 


1. 


2. 


8. 


4. 


6. 


6. 


7. 


8. 


9. 


10. 


Winter. 


11. 


932 
920 
925 
901 
914 
910 


917 


938 

987 

940 

940 

938 

938 

938 

937 

987 

936 

936 

923 

927 

931 

932 

931 

929 

927 

927 

926 

925 

926 

931 

936 

942 

945 

944 

942 

941 

940 

939 

939 

.989 

905 

908 

911 

914 

915 

914 

912 

918 

915 

915 

914 

916 

919 

920 

920 

919 

918 

917 

917 

918 

920 

919 

911 

913 

914 

915 

913 

912 

911 

912 

912 

912 

913 

920 

923 

926 

928 

927 

926 

924 

924 

925 

925 

924 

Summer. 


929 
892 
889 
869 
874 
884 


890 


932 

939 

944 

947 

948 

949 

949 

946 

944 

942 

942 

898 

907 

915 

921 

926 

928 

927 

925 

923 

921 

920 

892 

897 

901 

907 

909 

909 

909 

907 

904 

902 

901 

869 

875 

880 

887 

891 

890 

891 

889 

888 

887 

887 

877 

885 

891 

896 

895 

894 

893 

892 

891 

890 

890 

889 

893 

898 

902 

903 

902 

902 

902 

902 

902 

902 

893 

899 

905 

910 

912 

912 

912 

910 

909 

907 

907 

Vertical  Force  as  deduced  from  Table  V. 


Noon 

1. 

2. 

8. 

4. 

6.             6. 

1 

7. 

8. 

».  • 

10. 

11. 

Mid 

Snmmer  Mean. 

-•00014 

-•00011 

-•00006 

+  •00001 

+  •00006 

+  •00008 

+  •00008 

+  •00008 

+  •00006 

+  •00006 

• 

+  •00008 

+  •00008 

+  •001 

Winter  Mean. 

-•00007 

-•00004 

-•00001 

+  •00002 

+  •00004 

+  •00008 

+  00002 

•00000 

•00000 

+  •00001 

+  •00001 

-  •ooooo 

•0001 

Annual  Mean. 

-OOOll 

-•00007 

-•00008 

+  00002 

+  •00006 

+  •00006 

+00006 

+  •00004 

+  •00008 

+  •00008 

+  •00002 

+  •00001 

+  -0« 

reading  is  abore  tbe  mean. 
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Table  VII. — Hourly  Means  of  the  Inclination,  calculated  from  the  Horizonfc 


Hours 

Mid. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

er*  + 

Winter. 

1894. 

Months. 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

Jan.  • . . 

27-3 

27-8 

27*3 

27-3 

27-2 

27-1 

27  1 

27-0 

27*2 

27-6 

27-7 

27-9 

Feb.*  •  . 

27-2 

27-3 

27-3 

27-2 

27-0 

26  6 

26-6 

26-5 

26-7 

27-3 

27-8 

27-9 

March. 

26-7 

26-9 

26-9 

27-0 

27  0 

26-9 

26-9 

27  1 

27-5 

28  0 

28-4 

28*4 

Oct. . . . 

25-5 

25-6 

25-5 

25*3 

25-4 

25  1 

25  0 

25-3 

26-7 

26-3 

26-7 

26-8 

Nov.  .. 

25*4 

25-3 

26-2 

25-3 

25  0 

24-6 

24*6 

24*8 

25-4 

26-0 

26-6 

26-6 

Dec.. . . 

24*9 

• 

24-9 

25  0 

25  0 

24-9 

24-8 

24-8 

24-8 

26  0 

25-2 

25-6 

25-6 

Mean 

26-2 

26-2 

26-2 

26-2 

26  1 

25-9 

25-8 

25-9 

26*3 

26-7 

27  1 

27-2 

Summer. 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

April . . 
May. . . 

26-4 

26-5 

26-5 

26-6 

26-5 

26-4 

26-5 

26-9 

27-7 

28-4 

28-8 

28-9 

24-9 

25  0 

25-3 

25-5 

25-6 

25-6 

25-9 

26-5 

26-9 

27-8 

27-2 

271 

June  .. 

24-9 

24-9 

24-8 

24*9 

25  0 

25-2 

25-7 

26-2 

26-6 

27-2 

27-3 

26*9 

July..  . 

24-9 

25-0 

25-1 

25-0 

25-2 

25-3 

25-9 

25-9 

26-2 

26*8 

27  1 

26-8 

Aug.  .. 

24*8 

24-7 

24-8 

24-8 

24-9 

25*2 

25-6 

26*4 

26-9 

27-2 

27  1 

26-8 

Sept.  . . 

24-8 

25  0 

25  1 

25-2 

25-2 

25-2 

25-6 

260 

26*8 

27-3 

27-3 

26-8 

Mean 

25  1 

25-2 

25-3 

25-3 

25-4 

25-5 

25-9 

26-3 

26-9 

27-4 

27-5 

27*2 

Table  VIII.— Diurnal  Range  of  the 


Hours 


Mid. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


Summer  Mean. 


0-6 


-0-5 


/ 
•0-4 


-0-4 


-0-8 


-0-2 


+  0-2 


+  0-6 


+  1-2 


+  1-7 


+  1-8 


+  1-5 


Winter  Mean. 


0-0 


/ 
0  0 


0-0 


0  0 


0*1 


0-3 


-.0-4 


0-8 


+  01 


+  0-6 


+  0-9 


+  1-0 


Annual  Mean. 


0-3 


0-2 


-0-2 


0-2 


0-2 


.0-2 


0  1 


+  0-2 


+  0-7 


+  11 


+  1-4 


+  1-3 


NoTB. — When  the  ngn.  is  H 
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and  Vertical  Forces  (Tables  III  and  IV).     (The  Mean  for  the  Year  =  67**  26'-0.; 


Noon. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

,11- 

Mi< 

/ 

Winter. 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

' 

/ 

/ 

/ 

27-9 

27-6 

27  6 

27*6 

27-4 

27-1 

26-8 

26-6 

26-8 

26-7 

26-7 

26-8 

26- 

27-7 

27-4 

27-2 

26-9 

27-0 

26-7 

26-5 

26-2 

26-2 

26-2 

26*2 

26-3 

26- 

280 

27-5 

27-3 

27-1 

26-9 

27  0 

26*8 

26-7 

26-6 

26-7 

26-7 

26-5 

26- 

26-4 

26-0 

26-6 

25-6 

25-7 

25-3 

25-0 

25-0 

25  1 

25  0 

25-1 

25-0 

25* 

26-6 

26-4 

26-1 

25-9 

25-5 

25-2 

25-0 

24-9 

25  0 

25-0 

25  1 

25  1 

25* 

25-6 

26-4 

25-2 

25-2 

24-0 

24-7 

24-5 

24-6 

24-6 

24-9 

24-9 

24-9 

24- 

27-0 

26-7 

26-6 

26-4 

26*2 

26-0 

25-8 

25-7 

25-7 

25-8 

25-8 

25-8 

25- 

Summer. 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

28-6 

28-2 

27-9 

27-4 

27-1 

26-6 

26-5 

26-3 

26-2 

26-3 

26-3 

26-4 

26- 

2«-8 

26-3 

26  0 

25-4 

25  0 

24-4 

24-5 

24-5 

24-6 

24-6 

24-8 

24-9 

26- 

26-4 

25-8 

25-4 

24-8 

24-4 

24-3 

24-0 

24-0 

24-2 

24*3 

24-4 

24-7 

24* 

26-6 

26  1 

25*4 

24-8 

24-8 

24-3 

24-2 

24-1 

24-3 

24-4 

24-4 

24-4 

24* 

26  1 

25-8 

26-3 

25-1 

24-9 

24-7 

24-5 

24-3 

24-4 

24*5 

24-6 

24-6 

24* 

26-4 

25-8 

25-8 
26  0 

25-8 

25*8 

25-5 

25-1 

24-9 

24-8 

24-8 

24-8 

24-8 

24- 

26-8 

26-3 

25-6 

25-3 

25-0 

21-8 

24-7 

24-8 

24-8 

24-9 

25-0 

26- 

Inclination  as  deduced  from  Table  VIT. 

Noon 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Mic 

Summer  Mean. 

+  1-1 

+  0-6 

+  0-3 

-0-1 

-0*4 

-0-7 

-0-9 

-10 

-0-9 

-0-9 

-0-8 

-0-7 

-0*1 

Winter  Mean. 

/ 

+  0-8 

+  0-5 

+  0-3 

+  0-2 

0-0 

-0-2 

-0-4 

-0-5 

-0-5 

-0-4 

-0-4 

-0-4 

-0-^ 

Annual  Mean. 

+  1-0 

+  0-6 

+  0-3 

00 

/ 
-0-2 

/ 
-0-5 

-0-7 

-0-8 

-0-7 

-0-7 

-0-6 

-0-6 

/ 
-0-1 

the  reading  ia  abore  the  mean. 
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Table  IV. 


Sammarj  of  San-spot  Observations  made  at  the  Kew  Observatory. 


Months. 


1894. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

Norember 

December 

ToUls  for  1894  . . 


Dajs  of 
observation. 


12 
15 
15 
19 
11 
12 
13 
15 
13 
10 
11 
10 


Number  of 
new  groups 
enumerated. 


15G 


16 
17 
11 
10 
16 
17 
17 
14 
12 
11 
16 
12 


169 


Dajs  appa- 
rently with- 
out spots. 


VOr..  LVII. 


-^  V 
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Report  of  Magnetical  ObservationH  at  Falmouth  Observatory 
for  the  Year  1894.  Latitude  50**  9'  0"  N.  and  Longitude 
5°  4/  Zy  W. ;  height,  167  feet  above  mean  sea-level. 

These  observations  have  been  made  by  instruments  purchased  from 
the  Government  Grant  Fund  administered  by  the  Royal  Society. 

The  Observatory  having  been  comparatively  recently  established, 
the  Vertical  Force  self-recording  instrument  is  not  yet  in  thorongh 
working  order.  It  is  hoped  in  futnre  to  publish  complete  records  of 
all  three  elements. 

Photographic  curves  of  Magnetic  Declination  and  of  Horizontal 
Force  variations  have  been  taken  regularly  throughout  the  past  year, 
and  the  magnets  have  worked  satisfactorily. 

The  scale  values    of    the    instruments  were    determined   on   Ist 
January,  1895.     The  following  values  of  the  ordinates  of  the  photo- 
graphic curves  were  then  found  : — 
Declination,  1  cm.  =  0**  ll'*7. 
Bifilar,  for  1  cm.  h  H.,  =  000050  C.G.S.  nnit. 

The  principal  magnetic  disturbances  recorded  during  the  year 
occurred  on  the  following  dates  : — January  4,  February  21,  23,  24, 
25,  March  30,  31,  April  17,  June  10,  July  20,  Augnst  20,  and 
September  14,  15. 

Observations  with  the  Absolnte  Instruments  have  been  made 
monthly,  of  which  the  following  is  a  summary : — 

Determinations  of  Horizontal  Intensity,  35. 

„  Inclination,  34  sets  of  fonr. 

„  absolute  Declination,  36. 

Following  the  method  adopted  in  the  three  previous  years,  it  is 
intended  that  the  observations  be  reduced,  and  that  the  Declination 
and  Horizontal  Force  curves  for  five  quiet  days  in  each  month  of  the 
year — selected  by  the  Astronomer  Royal — be  tabulated  and  prepared 
for  publication,  in  accordance  with  the  International  scheme.  The 
results  will  be  printed  in  the  Royal  Cornwall  Polytechnic  Society's 
Annual  Report,  and  also  in  the  **  Proceedings  "  of  the  Royal  Society. 

The  following  are  the  principal  results  of  the  magnetic  elementa 
for  the  year  1894 : — 

Mean  Westerly  Declination,  IQ**  QfS. 
Mean  Inclination,  67*  2'*4. 

Mean  Horizontal  Force,         0'185I1  C.G.S.  unit. 

The  Declination  and  Horizontal  Force  are  deduced  from  hourly 
readings  of  the  photographic  curves,  and  so  are  corrected  for  the 
diurnal  variation. 
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The  iDclination  is  the  mean  of  the  absolute  observatioos,  the  mean 
time  of  which  is  3  p.m. 

In  Table  Y,  X  is  the  mean  of  the  absolute  values  observed  during 
the  month  (generally  three  in  number),  uncorrected  for  diurnal 
variations  and  for  any  disturbance.  Y  is  the  mean  of  the  products  of 
the  Dips  and  X. 

The  results  in  the  following  tables,  Nos.  I,  II,  III,  IV,  are  deduced 
from  the  magnetograph  curves  which  have  been  standardised  by 
observations  of  deflection  and  vibration.  These  were  made  with 
the  Collimator  Magnet  marked  66a,  and  the  Declinometer  Magnet 
marked  66g  in  the  Unifilar  Magnetometer  by  Elliott  Brothers,  of 
London.     Table  No.  Y  is  deduced  from  these  obf^ervations. 

The  temperature  correction  (which  is  probably  very  small)  has  not 
been  applied  owing  to  temporary  change  in  the  relation  of  the  curve 
to  the  base  line,  caused  by  additions  to  the  external  gas-pipes. 

The  Inclination  was  observed  with  the  Inclinometer  No.  86,  by 
Dover,  of  Charlton,  Kent,  and  needles  I  and  2,  which  are  3^  ins. 
in  length,  the  results  of  which  appear  in  Table  YI. 

The  Declination  and  Horizontal  Force  values  given  in  Tables  I  to 
lY  are  prepared  in  accordiince  with  the  snggestions  made  in  the 
fifth  report  of  the  Committee  of  the  British  Association  on  com- 
paring and  reducing  magnetic  observations,  and  the  time  given  is 
Greenwich  mean  time,  which  is  20  min.  18  sec.  earlier  than  local  time. 

The  following  is  a  list  of  the  days  during  the  year  1894  which 
were  selected  by  the  Astronomer  Royal,  as  suitable  for  the  deter- 
mination  of  the  magnetic  diurnal  variations,  and  which  have  been 
employed  in  the  preparation  of  the  magnetic  tables : — 


January    9,  15, 

February 8,  10, 

March    5,     7, 

April 4,  11, 

May 6,  11, 

June 7,  13, 

July 7,  10, 

August 2,  10, 

September    3,     4, 

October 10,  11, 

November 4,     5, 

December 4,  11, 

The  whole  of  the  instruments  have  been  maintained  in  good  order. 

The  Magnetic  Chamber  and  the  Magnetic  Hot  in  the  garden  have 

been  kept  in  a  satisfactory  state  of  dryness  during  the  year,  save 

for  six  days  in  November,  when  the  Chamber  was  flooded  owing  to 

excessive  rainfall. 

Edward  Kitto, 


19,  20,  27. 

11,  14,  17. 

13,  28,  29. 

16,  22,  23. 

12,  19,  27. 
15,  26,  27. 

14,  26,  31. 

17,  18,  28. 
6,  13,  26. 

12,  23,  28. 
12,  21,  22. 
25,  26,  27. 
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(19**  ±  West.) 


Table  I.— Hourly  Means  of  Declination,  at  the  Fftlmouih 

on  five  selected  qniet  Days  in 


Hours 


Mid. 


6 


8 


9 


10 


11 


Winter. 


1894. 

Months. 

Jftn.  •• 

Feb.  • . 
*March  . 

Oct.  .. 
fNoT.  .. 

Deo.  .. 


Means 


1-8 

0  6 

2-6 

-3  4 

-1-4 

-3-4 

-0-5 


2-2 
0-6 
3-2 
2-5 
•11 
3-3 


-0-2 


2*2 

0-6 

3*4 

-1-9 

-0-9 

-3-3 


0-0 


2 

1 
3 
2 
0 
3 


8 
3 
4 
2 
9 
4 


0-2 


2 
1 


5 
8 


8  0 
2-2 


0 
3 


•7 
•8 


01 


2-3 
1-6 
30 

-2-4 

-1 

-3 


5 
4 


-01 


2-0 
1-6 
2-6 
•2-8 
2-2 
•3-7 


-0-4 


2  0 

1-2 

1-6 
-87 

-20 
-3-8 


-0-6 


1 
0 
0 

-4- 
2 
8 


4 

7 
0 
0 
•8 
9 


-1-4 


0-8 
0-3 
-0-9 
-8-6 
-3-5 
-4  0 


-1-8 


1*4 
0-9 
0-6 
3-6 
21 
8*5 


-10 


8*0 
2  7 
4*1 
0-6 
0*2 
2-6 


11 


Summer. 


t  April . . 
Maj  .. 

June . . 

July  ,. 

§Aug.  .. 

Sept.  • . 


Means  — 

I 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

0  1 

-0-2 

-0-4 

-0-7 

-0-6 

-0-4 

-1-2 

-2-6 

-4*2 

0*2 

-0*3 

-0-6 

-0-6 

-1-1 

-2  0 

-8« 

-6-0 

-5*2 

0*6 

0-5 

0  0 

-0*7 

-11 

-21 

-3 -8 

-4*2 

-4*2 

0  1 

-0  1 

-0  1 

0-1 

0  0 

-1*2 

-2-8 

-3  0 

-3*9 

00 

-0*3 

-0*4 

-0-8 

-1*8 

-1-6 

-81 

-4*3 

-4-9 

-2-8 

-2*7 

-2*4 

-1*9 

-2  1 

-2-6 

-8*0 

-4  0 

-4*6 

-0-3 

-0-6 

-0*6 

-0-8 

-10 

-1*6 

-2*8 

-3-8 

-4  6 

/ 

/ 

-5*2 

-8-4 

-4*0 

-0*9 

-3*2 

-1-6 

-8*3 

-1-2 

-4*0 

-0-6 

-8-7 

-1-4 

-8*9 

-1-6 

0*1  I 
1*3. 
0-6  I 
1-8  I 
82, 
1-9' 

^^  I 

1*4 


*  Mean  of  four  days,  7th,  13th,  28th,  and  29th. 
X  Mean  of  four  dajs,  11th,  16th,  22nd,  and  28rd. 


t  Mean  of  four  days,  4th,  5th,  21st,  and  2Sim 
§  Mean  of  four  days,  2nd,  10th,  17th,  and  28 


Table  II. — Solar  Dinmal  Range  of  the  Fahnontli 


Hours 

Mid. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

lO 

11 

Summer  mean. 

-10 

-12 

-1*3 

-1*5 

-1*7 

-2*8 

-3-5 

-4*5 

-5*2 

-4*6 

-2*2 

-1-0*7  i 

Winter  mean. 

-1-5 

-1-2 

-10 

-0*8 

-0-9 

-11 

-1-4 

-1-6 

-2-4 

-2-8 

-20 

+  01 

Annual  mean. 

-1-3 

-1-2 

-1*2 

-1*2 

/ 

-1-3 

-1*7 

1 
-2*5 

-3*1 

-3-8 

-8  7 

-2  1 

1 

+  0*4 

I<iOT]S. — When  tbc  sign  is  -f  the  maipial 


Falmovth  Obiervatory  for  tlie  Year  1894. 

Observatory  determined  from  the  Magnetograph  Guryes 
each  Monfch  daring  the  Year  1894. 


bU 


Noon 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

Mid. 

Winter. 

« 

/ 

/ 

t 

/ 

/ 

1 

/ 

/ 

/ 

9 

/ 

/ 

/ 

6  1 

6-6 

7-2 

6-3 

5  1 

4-6 

4-2 

3-9 

3-4 

3  0 

2-4 

2-4 

2*3 

5-3 

7-5 

8-2 

8-1 

6-3 

5-6 

4*5 

4*5 

3-9 

3-1 

2-7 

2-2 

1-9 

7-6 

10-2 

10-4 

8-9 

6-8 

6-2 

4-4 

4*2 

3-6 

3-6 

3-2 

2-7 

2*2 

2-6 

4  1 

8-9 

2-9 

10 

-01 

-0-4 

-0-9 

-0*9 

-1-8 

-20 

-2-4 

-2-4 

1-8 

3-3 

31 

1-7 

0-9 

0-4 

-0*4 

-0-6 

-0-8 

-1-6 

-1-7 

-1-5 

-1-7 

-11 

-01 

0  1 

-0-4 

-1-1 

-1-8 

-2-4 

-2-6 

-3  0 

-3-2 

-3-7 

-3-7 

-3-6 

3-6 

6-3 

5-5 

4-6 

3-2 

2  3 

1-7 

1-4 

10 

0-5 

0-2 

-0-1 

-0-2 

8 

ommer. 

/ 

f 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

4-3 

7-6 

81 

6-8 

6-2 

8-7 

2-2 

1-3 

1'5 

1-5 

1-6 

0-8 

0-4 

4-6 

6-8 

7*8 

6-6 

6-2 

3-8 

2-4 

1-5 

1-4 

0-7 

0-6 

0-8 

-0-8 

4.-3 

6-2 

5-8 

5-5 

5-2 

3*4 

2-6 

1-6 

1-6 

1-5 

1-6 

0-4 

0-2 

4-3 

5-8 

7  1 

6-7 

6  0 

3  1 

2  0 

1-4 

1-2 

0-8 

0-2 

0-8 

-0-8 

6-4 

8-2 

8*3 

3-6 

4-2 

1-7 

0-4 

0-3 

0  0 

0  0 

-0-6 

-0-6 

-0-2 

5-5 

7-2 

6-3 

4-3 

2-4 

0-6 

0-1 

-0-3 

-0-7 

-0-6 

-0-6 

-0-9 

-1'4 

4-9 

70 

7-2 

5-6 

4*6 

2-7 

1-6 

1-0 

0-8 

0-7 

0-5 

0  1 

-0-8 

Declination  as  derived  from  Table  I. 


+  2  6 


+  3-4 


Noon 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

Mid. 

Summer  mean. 

+  4-2 

+  6-3 

+  6-5 

+  4-9 

+  3-8 

+  20 

+  0-9 

+  0-3 

+  0-1 

0  0 

-0-2 

-0-6 

-1-0 

Winter  mean. 

+  4-8 

+  4-6 

-I-8-6 

+  2-2 

+  1-3 

+  0-7 

+  0-4 

0-0 

-0-6 

-0-8 

-1-1 

/ 

-1-2 


Annual  mean. 


+  5*8 


+  5-5 


+  4-3 


+  30 


+  1-7 


+  0-8 


+  0-4 


+  01 


-0-3 


-0-5 


-0-9 


-1-1 

\ 


\ 


points  to  the  west  of  iti  mean  position. 
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Table  III. — Hourly  Means  of  the  Horizontal  Force  at  Falmonth 

,^  ^  „       .    ,  on  five  selected  quiet  Days  in  each 

0-18000  +  (C.a.S.  units.)  ^  "^ 


Hours 


Mid. 


4 


6 


8 


9 


10 


11 


Winter. 


Summer. 


1894. 

Months. 

Jan.    • . 

485 

487 

484 

486 

488 

48S 

490 

490 

488 

482 

476 

470 

Feh.   .. 

499 

496 

496 

497 

500 

504 

505 

508 

506 

499 

489 

482  j 

•March  . 

516 

513 

512 

513 

514 

515 

516 

514 

507 

495 

487 

483  ! 

Oct.    .. 

517 

517 

518 

520 

521 

525 

527 

521 

515 

505 

4£f4 

489  ' 

hNor.  .. 

523 

525 

525 

525 

528 

531 

532 

530 

523 

513 

504 

498  . 

Dec.  .. 

520 

520 

519 

518 

520 

522 

522 

521 

519 

515 

511 

506 

Means 

510 

510 

509 

510 

512 

514 

515 

514 

510 

502 

494 

488 

t  April , . 
May  .. 

512 

511 

511 

510 

511 

511 

512 

605 

496 

481 

472 

■ 
466 

533 

530 

526 

524 

524 

524 

521 

512 

504 

495 

490 

488| 

June  .. 

531 

530 

532 

529 

528 

527 

519 

611 

502 

499 

490 

489, 

July  .. 

518 

517 

515 

516 

515 

513 

507 

504 

496 

485 

478 

479 

Aug.  .. 

513 

513 

513 

513 

512 

510 

504 

493 

482 

475 

472 

473 

Sept.  . . 

523 
522 

520 

519 

518 

518 

517 

514 

508 

498 

487 

480 

484 

Means 

520 

519 

518 

518 

617 

513 

506 

496 

487 

480 

480 

*  Mean  of  four  dd>8,  7tli,  13tli,  28th,  and  29th.        f  Mean  of  four  days,  4th,  5th,  2l8t,  and  22qi 

X  Mean  of  four  days,  11th,  16th,  22nd,  and  23rd. 


(C.a.8.  units.) 


Table  IV. — Diurnal  Ran^e  of  the  Falmoutl 


4oani 

Mid. 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

1    » 

Summer  meui. 

1 
+  -00009  +  '00007  +  -00006  +  -00006 

'                                1 

•»- -00006  + -00004 

•00000 

-•00007 

.•00017 

--00026 

-•00038 

-•OOO&i 

Winter  mean. 

+  -00001  +  -00001 

1               1 
-00000  + -00001  + -00008 

1                1                1 
+  -00006,+  -00006  +  -00006  +  -00001 

!                     1          1 

-•00007 

-•00015 

--ooos* 

Annual  mean. 

1 

4- -00006 

+  -00004  +  -00008 

+  -00008  +  -00004 

+  "OOOOd  + -00008 

- -00001 

-•ooooe< 

-•00017 

-•00024 

--00027 

Noil.— When  ttaa  sign  is  •!•  the 


FalmouUi  Observatory  for  the  Year  1894. 

Observatory  as  determined  from  the  MagDetograph  Curves, 
Month  during  the  Year  1894. 


Noon 


6 


8 


9 


10 


11 


468 
483 
485 
495 
499 
506 


489 


Winter. 


470 

475 

479 

480 

485 

490 

496 

502 

493 

602 

510 

516 

502 

508 

513 

513 

504 

513 

516 

521 

510 

516 

517 

5121 

494 

501 

505 

509 

484 
607 
617 
521 
527 
525 


490 
510 
515 
524 
530 
527 


514 


616 


495 

496 

495 

494 

494 

514 

615 

518 

513 

511 

518 

519 

517 

515 

517 

527 

527 

627 

524 

523 

533 

532 

532 

529 

529 

530 

528 

626 

522 

523 

620 

520 

518 

516 

516 

Summer. 


467 

475 

483 

496 

603 

511 

517 

621 

520 

518 

514 

513 

611 

490 

498 

509 

519 

634 

544 

5i4 

541 

641 

543 

538 

535 

5d( 

498 

505 

513 

531 

545 

544 

545 

549 

545 

643 

542 

636 

63" 

483 

488 

499 

512 

521 

529 

529 

529 

529 

527 

523 

625 

61S 

481 

491 

499 

508 

515 

519 

623 

524 

523 

520 

517 

615 

51i 

493 

50i 

607 

510 

611 

516 

622 

526 

528 

528 

527 

626 

62i 

485 

494 

602 

513 

522 

527 

630 

682 

531 

530 

527 

625 

52: 

Horizontal  Force  as  deduced  from  Table  III. 


Noon 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

Mid. 

Summer  mefin. 

-•00028 

-00019 

-•00011 

1                1 
•00000  +  -00009  +  -00014  +  '00017 

1 

+  -cooio  +  •oooie 

+  •ooon  +  -00014  +  -00012  +  -coo 

1 

Winter  mean. 

-•00020 

-•00015 

-•00008 

-•00004 

•00000 

+  -0000ft 

+  •00007 

+  •00011 

+  •00011 

+  •00009 

+ -00007 

+ -00007 

+  •001 

Annual  mean. 

-•00024 

-•00017 

-•00010 

-•00002 

+  -0000A 

+  •00010 

+  •00012 

+  •00015 

+  •00016 

+  •00')I3 

+00011 

+  -CfOK- 

+  •00: 

reading  is  abore  the  mean. 
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Table  V. — Magnetic  IntenRitT.     Falmoufh  Observatoiy,  1894. 


1894. 


G.G-.S.  measure. 


January  .. 
February  . 
Maroh .... 

April 

May 

June 

July 

August . . . 
September 
October  .. 
November 
December. 


Means. 


X  or 

Horizontal  force. 


0  -18474 
0  18476 
0-18507 
0-18194 
0  -184S9 
0  18619 
0-18513 
018600 
0-18600 
0-18602 
0-18492 
0-18616 


0  -18498 


Vertical  force. 

0-43642 
0  -43814 
0-43688 
0-43647 
0-43603 
0-43660 
0-43684 
0  43643 
0-43657 
0  -43662 
0-48660 
0  -43618 


0-43666 


Table  VI. — Observations  of  Magnetic  Inclination, 

Observatory,  1894. 


Falmouth 


Month. 


January  27. 
29. 
SO. 


Mean. 


February  21. 
23. 
24. 


March 


29. 
30. 
31. 


April 


28. 
30. 


May 


9. 
26. 

30. 


June 


9. 
21. 
29. 


o         / 

67  4-6 

67  3  1 

67  2-6 

67  8-4 

67  9-9 
67  7-4 
67  7-2 

67  8-2 

67  0-9 
67  1-3 
67  5-4 

67  2-5 

67  2-6 
67  1-9 

67  2-2 

67  2  1 
67  0-2 
67  1-6 

67  1-3 

66  59-9 

67  2  2 
67    0-6 

67    0-9 


Month. 


July 


6. 
27. 
30. 


August 


18. 
19. 


September  10. 
26. 
29. 


Mean. 


October 


8. 
19. 
29 


ICovember  8. 
22. 
29. 


December  11. 
21. 
29. 


o         / 

67  0-7 
67  2-2 
67  3-0 

67  2  0 

67  2-4 
67  lO 

67  1-7 

67  2-9 
67  2-1 
67  1-2 

67  2-1 

67  1-6 
67  3  8 
67  1-4 

67  2-1 

67  3-9 
67  2  1 
67  2-0 

67  2-7 

66  59-4 

67  0-6 
66  59-8 

66  59-9 


I 


OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 


Robert  Geant  was  bom  at  Gran  town,  in  Strathspej,  on  June  17^ 
1814,  and  received  his  early  education  at  a  school  established  bj  the 
Earl  of  Seafield,  which  provided,  for  the  children  of  the  district,  in- 
stmction  in  those  branches  of  education  which  are  required  to  enter 
the  Scottish  Universities.  But  at  the  age  of  13  his  studies  were 
interrupted  by  a  serious  illness ;  and  it  was  not  until  the  completion 
of  his  19th  year  that  his  health  was  sufficiently  restored  to  enable 
him  to  continue  his  studies  with  success.  After  a  course  of  private 
study,  Grant  entered  King's  College,  Aberdeen,  but  before  the 
completion  of  the  University  course  he  removed  to  London  and 
became  engaged  in  business  pursuits  under  his  brother.  At  this 
time.  Grant  commenced  to  collect  materials  for  a  history  of  physical 
astronomy,  and  in  1845,  in  order  to  obtain  access  to  further  sources 
of  information,  he  removed  to  Paris,  where  he  supported  himself  by 
teaching  English.  In  Paris,  Grant  had  the  great  advantages  of 
attending  the  astronomical  lectures  of  Arago  and  Le  Yerrier,  and 
the  use  of  the  books  in  the  library  of  the  Institute,  of  which  he 
availed  himself  in  the  collection  of  the  materials  for  his  history. 

Grant  returned  to  London  in  1847,  and  devoted  himself  to  the 
preparation  of  his  History  of  Physical  Astronomy.  This  work  was 
first  published  in  parts  in  *  The  Library  of  Useful  Knowledge:*  the 
first  part  appeared  in  September,  1848,  and,  although  the  author  was 
previoasly  unknown  to  most  of  the  leading  English  astronomers,  it 
immediately  attractei  attention,  and  led  to  Mr.  Grant  being  elected  a 
Fellow  of  the  Royal  Astronomical  Society.  The  history  was  pub- 
lished in  a  separate  form  in  March,  1852 ;  and  in  the  following  Novem- 
ber Grant  was  elected  a  member  of  the  Council  of  the  Royal  Astro- 
nomical Society,  and  was  appointed  editor  of  *  The  Monthly  Notices ; ' 
and  in  1856  the  Gbld  Medal  of  the  Society  was  awarded  to  him  for 
his  work.  Grant's  History  of  Physical  Astronomy  had  certainly  no 
rival  in  the  English  langaage  at  the  time  of  its  publication  ;  it  can 
still  be  consulted  with  gieat  advantage  upon  any  of  the  points  with 
which  it  treats,  and  its  impartiality  is  unquestionable. 

In  November,  1859,  Grant  was  appointed  Regius  Professor  of 
Astronomy  and  Director  of  the  Observatory   in   the  Univevsvt-^  ^^ 
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Glasgow,  and  after  a  8lioi*t  course  of  pittctical  instmetion  at  Green- 
wich, lie  took  charge  of  the  Observatory  at  Glasgow,  and  continaed 
to  hold  that  post  until  the  time  of  his  death  in  1892. 

The  Observatory  was  provided  with  an  Ertel  Transit  Circle  of  six 
French  inches  aperture,  and  the  chief  astronomical  work  of  the 
Observatory  during  Professor  Grant's  tenure  of  office  was  done  with 
this  instrument.  The  staff  at  the  Glasgow  Observatory  was  not  a 
large  one,  and  the  salaries  attached  to  the  assistantships  were  so 
small  that  Grant  had  great  difficulty  in  retaining  for  any  length  of 
time  the  services  of  skilled  assistants,  but  he  was  able,  by  great  per- 
severance and  personal  devotion  to  the  work,  to  complete  a  catalogue 
of  6415  stars,  reduced  to  the  epoch  1870,  and  a  catalogue  of  2156 
stars  for  the  epoch  1890.  The  last  proof  sheet  of  the  second  catalogue 
was  only  passed  by  him  on  the  morning  of  his  death.  Many  of  the 
stars  in  these  two  catalogues  have  not  been  recently  observed  at  any 
other  observatory,  and  the  places  are,  therefore,  comparatively  of 
greater  value  than  would  otherwise  be  the  case,  and  the  results  have 
already  been  found  valuable  for  very  closely  approximate  determina- 
tions of  the  proper  motions  of  many  stars  not  before  known,  and  for 
the  reduction  of  comet  observations. 

The  results,  however,  can  hardly  be  regarded  as  strictly  indepen- 
dent determinations.  For  reasons  which  appeared  sufficient  to  Grant 
it  was  thought  expedient  to  compare  the  places  of  the  stars  observed 
at  Glasgow  with  existing  recent  observations  at  Greenwich  of  the 
same  stars,  and  to  deduce  corrections  for  the  Glasgow  places  ob- 
served since  1865  to  render  them  in  mean  results  identical  with  the 
Greenwich  results.  The  corrections  thus  found  were  then  applied  to 
the  places  of  the  Glasgow  catalogue,  which  should,  therefore,  not 
differ  systematically  from  those  which  would  have  been  obtained 
had  these  stars  been  observed  at  Greenwich.  There  are,  of  coarse, 
advantages  in  such  a  method  of  proceeding  when  the  observations 
have  been  made  with  an  instrument  of  a  class  not  suitable  for  inde- 
pendent work,  but  much  is  lost  by  the  want  of  independence  of  the 
results  if  the  instrument  is  a  reliable  one.  It  is,  however,  impossible 
for  anyone  not  well  acquainted  with  the  Glasgow  instrument  to  jud^ 
of  the  necessity  for  the  course  pursued  by  Grant  in  this  case. 

Besides  the  observations  made  with  the  Transit  Circle,  many  extra- 
meridional  observations  were  made  with  the  9-inch  equatorial  by 
Cooke,  the  public  clocks  of  Glasgow  were  controlled  from  the 
Observatory,  and  regular  photographic  meteorological  observations 
maintained. 

Professor  Grant  took  part  in  the  Solar  Eclipse  expedition  to  Spain 
in  1860.     He  was  elected  a  Fellow  of  the  Royal  Society  in  1865. 

Professor  Grant  married  September  3,  1874,  Elisabeth  £mma» 
daughter  of  A.  C.  Davison,  of  Newcastle,  New   South  Wales,  hj 
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^bom  be  leaves  one  son  and  tbree  daugbtera.     He  died  at  Grantown 
on  October  24,  1892,  in  tbe  79tb  year  of  bis  age. 

Witb  Admiral  Smytb  and  Professor  Baden- Powell,  be  pablisbed  a 
translation  of  Arago's  *  Popular  Astronomy,'  two  vols.,  1855 — 1858, 
and  a  volume  of  '  Biogi*apbical  Notices  of  Scientific  Men.'  He 
greatly  contributed  to  tbe  exposure  of  tbe  Pascal  forgeries  (see 
'  Gomptes  Rendus,'  1867),  by  calling  attention  to  tbe  data  extracted 
from  Newton's  publisbed  works  and  used  by  bim,  wbicb  were  quoted 
in  tbe  forged  letters,  but  wbicb  were  not  in  existence  in  Pascal's  life- 
time ;  be  also  communicated  seventeen  papers  to  tbe  Royal  Astrono- 
mical Society. 

£.  J.  o. 

A  RTHUB  MiLNKS  MARSHALL  was  bom  at  Birmingbam  on  June  8, 
1852,  and  died  on  December  31,  1893.  He  was  tbe  second  son  of 
William  P.  Marsball,  for  many  years  Secretary  of  tbe  Institution  of 
Givil  Engineers.  He  entered  St.  Jobn's  Gollege,  Cambridge,  in  1871, 
and  read  for  tbe  Natural  Sciences  Tripos.  In  tbose  days  tbe  Biolo- 
gical Sciences  did  not  bold  tbe  prominent  position  in  tbe  University 
curriculum  wbicb  tbey  do  at  tbe  present  time,  but  tbe  influence 
wbicb  bas  since  brougbt  about  sucb  a  marked  development  of  tbese 
studies  at  Gambridge  bad  already  begun  ito  work,  and  Marsball  was 
one  of  tbe  first  to  take  advantage  of  tbe  new  state  of  tbings. 

As  an  undergraduate  bis  studies  met  wiib  every  success :  be  was 
elected  Scbolar  of  bis  College  in  June,  1873,  and  in  1874  be  was  placed 
at  tbe  bead  of  tbe  first  class  of  tbe  Natural  Sciences  Tripos.  After 
taking  bis  degree  in  January,  1875,  be  went  to  Naples,  baving  been 
appointed  by  tbe  University  to  tbeir  table  at  tbe  recently-establisbed 
Zoological  Station.  He  returned  in  tbe  summer  of  1875,  and  in  tbe 
October  Term  joined  witb  Balfour  in  giving  a  course  of  lectures, 
accompanied  by  practical  work,  on  Zoology.  He  was  elected  Fellow 
of  St.  Jobn's  Gollege  in  1877. 

In  tbe  same  year  be  gave  up — temporarily  as  it  fortunately  turned 
out — tbe  prosecution  of  bis  purely  scientific  studies,  and  went  to  St. 
Bartbolomew's  Hospital  to  work  at  medicine.  His  medical  studies 
continued  until  1879,  wben  be  was  appointed  to  tbe  newly-establisbed 
cbair  of  Zoology  in  tbe  Owens  Gollege. 

He  was  now  able  to  devote  bimself  wbolly  to  tbe  pursuit  of 
science.  He  took  up  again  tbe  embryological  work  wbicb  be  bad 
begun  at  Naples,  and  wbicb  bad  necessarily  somewbat  languisbed 
during  bis  medical  studies,  and  publisbed  a  series  of  memoirs  in  tbe 
*  Quarterly  Journal  of  Microscopical  Science  '  on  tbe  morpbology  of 
tbe  vertebrate  bead.  Tbese  were  entitled :  "  Tbe  Development  of  tbe 
Cranial  Nerves  in  tbe  Gbick,"  1878;  "Tbe  Morpbology  of  tbe 
Vertebrate  Olfactory  Organ,"  1879 ;  "  Observations  on  tbe  Cr^A^a^k 
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Nerves  of  Soyllium,"  1881  (in  oonjunction  with  his  pupil  W.  B. 
Spencer)  ;  "  On  the  Head  Cavities  and  Associated  Nerves  of  Elasmo* 
branchs,"  1881 ;  to  which  most  be  added  "  The  Segmental  Value 
of  the  Cranial  Nerves/'  published  in  1882  in  the  'Journal  of 
Anatomy  and  Physiology.'  These  memoirs  all  influenced  in  an  im- 
portant manner  the  views  and  work  of  the  cranial  morpholog^sts  of 
the  time. 

Bat  the  principal  part  of  his  work  at  Manchester  was  connected 
with  the  development  of  the  zoological  teaching,  and  of  the  Museum  ; 
and  as  Secretary,  and  later,  Chairman  of  the  General  Board  of 
Studies,  with  the  organisation  of  the  courses  of  study  of  Yictoria 
University.  These  dnties  left  him  but  little  time  for  research,  but 
in  spite  of  this  drawback  we  have  in  the  latter  years  of  his  life  the 
following  works  from  his  pen : — 

"  On  the  Nervous  System  of  Antedon  rosacetis"  1884. 

''Report  on  the  Pennatulida,  dredged  by  H.M.S.  'Triton/  and 
H.M.S.  '  Porcupine,'  "  published  in  the  '  Transactions  of  the  Hoyal 
Society  of  Edinburgh,'  vols.  32  and  33. 

"  On  the  Development  of  the  Kidneys  and  Fat  Bodies  in  the 
Frog,"  and  "  On  the  Development  of  the  Blood  Vessels  in  the  Frog,'* 
both  in  1890,'  and  in  conj  auction  with  his  pupil,  E.  J.  Bles. 

Although  his  multifarious  duties  at  Owens  left  him  but  little  time 
for  research,  he  was  fully  alive  to  its  importance  ;  and  he  enoonraged 
it  in  his  pupils,  and  gave  them  every  opportunity  of  prosecuting 
work  of  the  kind,  as  witnesses  of  which  statement  are  the  two 
yolames  of  Studies  from  the  Biological  Laboratory  of  the  Owens 
College,  published  in  1886  and  1890. 

As  a  teacher,  he  was  excellent — clear  and  accurate.  A  good 
measure  of  his  capacities  in  this  direction  may  be  obtained  bj  an 
examination  of  the  three  text-books  which  he  wrote :  "  The  Frog,"  the 
"  Practical  Zoology,"  and  the  "  Vertebrate  Embryology."  Accuracy, 
clearness,  and  thoroughness  in  their  various  grades  are  the  most 
characteristic  features  of  these  books. 

He  was  a  man  of  great  energy  and  determination  of  character,  of 
a  kindly  and  cheerful  disposition  which  made  him  very  popular  with 
his  friends  and  colleagues ;  and  of  an  enthusiastic  nature,  which  con> 
tribated  largely  to  his  success  as  a  teacher. 

His  death,  which  took  place  when  he  was  climbing  Scawfell  with 
some  friends,  was  due  to  an  accident.  Apparently  the  stone  on  which 
he  was  standing  slipped  from  him,  and  he  fell  on  to  the  rocks  below 

His  loss  will  be  felt  not  only  at  Owens,  but  all  over  the  North  of 
England,  where  he  was  well  known  by  his  persistent  advocacy  of  the 
extension  movement,  to  further  which  he  gave  much  of  his  own 
valuable  time. 

He  was  elected  a  Fellow  of  the  Royal  Society  in  1885,  and  served 


on  the  Conncil  in  the  Year  1891-92.     He  was  President  of  Section  D> 
at  the  Leeds  meeting  of  the  British  Association  (1890),  and  was  for 
many  years  President  of  the  Manchester  Microscopical  Society.     He 
was  D.Sc.  of   London   University  (1877)   and   M.D.  of  Cambridge 
(1882). 

A.  S. 

Charles  Rom  lev  Aldbr  Wright,  who  became  a  Fellow  of  the- 
Royal  Society  in  1881.  was  bom  at  Sonthend,  in  Essex,  in  1844. 
His  father,  Romley  Wright,  a  civil  engineer,  was  at  one  time  em- 
ployed on  the  Ordnance  Survey  of  this  country,  and  in  the  course  of 
his  work  made  some  observations  on  the  geology  of  the  county  of 
Salop,  which  were  published  in  the  '  Transactions  of  the  Geological 
Society '  for  1837. '  During  the  son's  boyhood  his  parents  removed 
to  Manchester,  and  in  due  time  Charles  Wright  was  entered  at 
Owens  College  to  be  educated  for  the  profession  of  his  father. 
At  that  period — the  early  years  of  the  60's — the  college  was  housed 
in  Quay  Street,  in  the  dingy,  old-fashioned,  red-brick  building 
which  had  served  Richard  Cobden  as  a  residence.  In  the  rear  of  the 
building  there  had  been  erected  a  well-equipped  chemical  laboratory — 
indeed,  as  things  went  at  that  time,  it  was  held  to  be  a  very  paragon 
among  such  places — and  here  young  Wright,  under  the  stimulating 
guidance  of  Roscoe  and  Schorlemmer,  found  ample  opportunity  to- 
develop  the  liking  for  experimental  chemistry  which  had  manifested 
itself  during  his  home  life.  Quick-witted,  ;bright  and  intelligent, 
with  a  capacity  for  boyish  fun,  and  a  fertility  of  resource  in  the 
exercise  of  it,  which  excited  the  admiration  and  at  times,  it  must  be 
added,  the  amazement  of  his  less-gifted  fellows,  Wright  appeared  to 
overtake  his  college  work  with  an  ease  and  celerity  that  seemed  to- 
them  little  short  of  marvellous.  Thanks,  however,  to  his  father's 
training,  he  had  been  early  schooled  into  the  habit  of  doing  with  all 
his  might  whatsoever  his  hand  found  to  do,  and  this  capacity  for  work 
never  left  him.  His  career  at  Owens  was  exceptionally  brilliant ; 
prize  after  prize,  not  only  in  chemistry,  but  also  in  physics,  which  he- 
studied  under  Clifton,  in  mathematics,  which  he  had  from  Sandeman, 
and  in  classics,  which  he  learnt  from  Greenwood,  fell,  session  after^ 
session,  to  his  share.  His  course  in  connexion  with  his  graduation 
work  at  the  University  of  London  was  hardly  less  distinguished. 
On  matriculatiog,  in  1863,  he  gained  the  highest  place  and  prize  in 
chemistry ;  and  at  the  intermediate  examination  in  the  following 
year  he  was  awarded  the  Exhibitions  both  in  chemistry  and  natural 
philosophy,  and  was  made  an  Associate  of  Owens  College. 

Wright's  first  essay  in  experimental  investigation  was  done  under 
Roscoe's  direction.  It  consisted  of  an  enquiry  into  the  relative  sensi^ 
tivenesB  of    photographic  paper  salted  with  different  haloids  and^ 


mixtures  of   haloids,   and  was    published   in   the   ^Journal   of    the- 
Chemical  Society '  for  1866.     All  his  tastes  predisposed  him  towards- 
an  academic  position,  but  circumstances  compelled  him  to  seek  for 
employment  in  technology,  and  shortly  after  his  first  paper  appeared 
he  accepted  a  situation  as  chemist  at  the  Weston  Works   of   the 
Buncom   Soap   and    Alkali   Company.      Here,   with    characteristic 
ardour,  he  at  once  began  a  number  of  investigations  relating  to  the 
manufacture  of  sulphuric  acid  and  alkali,  the  main  results  of  which 
appeared  in    the  '  Journal  of    the   Chemical   Society '    and  in    the 
'Chemical   News.*      He  soon,    however,    turned   his    face    towards 
London,  and  became  an  assistant  to  the  late  Dr.  Bernays,  in  the 
laboratory  attached  to  St.  Thomas's  Hospital.     Afterwards  he  joined 
Matthiessen,    and   the   two   chemists   began    the  remarkable  series 
of  investigations  on   the  opium  alkaloids  with  which  their  names,, 
as  joint  authors,  are  associated,  and  one  outcome  of  which  was  the 
discovery  of  apomorphine,  one  of  the  most  powerful  and  valuable 
emetics  known.     In  1869  he  was  associated  with  Sir  Lowthian  Bell 
in  an   elaborate  investigation  on  the  theory  of  iron  smelting,  the 
results  of  which  are  contained  in  Sir  Lowthian  Bell's  well-known  work 
*  On  the  Prijiciples  of  the  Manufacture  of  Ii-on  and  Steel.' 

In  1871  WHght  became  Lecturer  on  Chemistry  at  St.  Mary's 
Hospital,  and  he  occupied  this  position  at  the  time  of  his  death.  He 
once  more  turned  his  attention  to  the  chemistry  of  the  alkaloids,  and 
began  the  study  of  the  essential  oils,  and  during  the  next  ten  yeara 
memoir  followed  memoir  in  quick  succession.  Either  alone  or  in  con- 
junction with  his  pupils  he  contributed  nine  papers  on  Derivatives  of 
Morphine  and  Codeine  to  the  Royal  Society  (1871-74)  ;  six  papers  on 
Isomeric  Ter penes  to  the  *  British  Association  Reports '  (1873-77)  ; 
six  papei*s  on  the  Action  of  Organic  Acids  and  their  Anhydrides 
on  Natural  Alkaloids  (1874-80)  ;  seven  papers  on  Narceine,  Narco- 
tine,  Cotarnine,  and  Hydrocotamine  to  the  Chemical  Society 
(1874-77) ;  four  papers  on  the  Alkaloids  of  the  Aconites 
(1877-79) ;  and  three  on  the  Alkaloids  of  the  Veratrums 
(1878-79)  to  the  *  British  Association  Reports,'  in  addition  to  occa- 
sional papei*s  on  other  departments  of  vegetal  chemistry.  Darings 
the  latter  portion  of  this  period  he  also  contributed  a  series  of 
Reports  on  Chemical  Dynamics  to  the  Chemical  Society  (1878-80). 
Questions  relating  to  chemical  physics  had  always  g^at  interest  for 
him ;  and  he  sent  to  the  Physical  Society,  of  which  he  was  one  of 
the  original  members,  a  series  of  nine  papers  on  the  Determiuatioi^ 
of  Chemical  Affinity  in  terms  of  Electromotive  Force,  and,  in  con^ 
junction  with  Professor  Roberts- Austen,  he  made  a  number  of 
measurements  of  the  Specific  Heat  of  Hydrogeniam  (1873).  For 
some  years  back  he  occupied  himself  with  the  study  of  alloys,  and 
the  Proceedings  of  the  Royal  Society  contain  a  number  of  papers 
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by  him  on  this  subject.  Indeed,  his  last  paper,  written  a  few  days 
before  his  death,  on  the  invitation  of  the  London  Section  of  the 
Society  of  Chemical  Industry,  consists  of  a  rdsume  of  the  conclusions 
to  which  his  long-continued  work  on  this  subject  had  led  him.  He 
maintained  his  touch  with  technology  until  the  last,  and  he  was  an 
acknowledged  authority  on  those  branches  of  manufacturing  chemistry 
with  which  he  had  become  practically  acquainted  during  his  career. 
Gifted  with  a  remarkable  literary  faculty  and  power  of  exposition, 
Wright  was  much  sought  after  as  a  contributor  to  the  literature  of 
chemical  technology.  He  wrote  a  number  of  articles  on  tar  distil- 
ling and  tar  products  in  *  Muspratt's  Dictionary ;'  the  articles  on  iron 
and  steel  in  the  last  edition  of  the  '  Encyclopesdia  Britannica,'  and 
the  monographs  on  "  Soap,*'  "  Sulphur,"  and  "  Sulphuric  Acid  " 
in  Thorpe's  *  Dictionary  of  Applied.  Chemistry.'  In  1878  he  gave  a 
series  of  lectures  at  the  Royal  Institution  on  *' Metals  and  their 
Industrial  Applications,"  which  were  subsequently  expanded  and 
published  in  book  form ;  and,  in  1885,  he  gave  a  course  of  Cantor 
lectures  at  the  Society  of  Arts  on  the  "Manufacture  of  Soap."  He 
was  a  frequent  contributor  to  the  proceedings  of  the  London  Section 
of  the  Society  of  Chemical  Industry,  and  the  Journal  of  the  Society 
contains  a  number  of  his  communications. 

Wright  took  an  active  share  in  the  formation  of  the  Association 
which  ultimately  developed  into  the  Institute  of  Chemistry,  and  he 
was  a  member  of  the  Council  of  that  body. 

Much  of  his  work  was  done  under  the  depressing  conditions  of 
indifferent  health,  and  at  times  he  experienced,  great  physical  pain. 
From  his  boyhood  he  had  suffered  from  an  affection  of  the  hip  joint, 
which  eventually  ended  in  lameness,  and  the  consequent  inability  to 
take  exercise  reacted  very  markedly  upon  his  general  health.  His 
friends,  however,  were  hardly  prepared  for  the  suddenness  of  his  end. 
After  an  illness  of  a  few  hours*  duration,  he  died  on  the  25th  July, 
1894,  having  barely  attained  his  forty-ninth  year. 

T.  B.  T. 

George  John  Romanes  was  bom  at  Kingston,  Canada  West,  on 
May  20,  1848 ;  but,  his  parents  having  soon  after  removed  to  Eng- 
land, his  childhood  was  spent  in  London  or  its  immediate  neighbour- 
hood.  Ill-health  having  rendered  it  desirable  that  he  should  reside 
in  a  warmer  climate,  the  family  subsequently  left  England,  and,  in 
consequence,  his  education  was  somewhat  irregular.  The  surround- 
ings of  his  boyhood  and  youth  were,  however,  both  enjoyable  and 
healthful,  and  conduced  to  the  development  of  that  love  of  out-of- 
door  life  and  intense  interest  in  the  external  aspects  of  nature,  which 
were  so  prominent  in  his  after  life.  Romanes  entered  at  Caius 
College,  Cambridge,  in  1869,  and  subsequently  obtained  a  scholarship^ 
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in  that  college.      He  graduated  through  the  Natural  Science  Tripos 
in   1870.      After  taJdng  his   degree   he   entered   on  the   study   of 
medicine,  and  threw  himself  into  the  work  of  the  hospital  and  dis- 
secting room  with  great  ardour ;  but  in  1872  he  was  completely  dis- 
abled by  a  severe  and  protracted  illness,  which  led  to  his  abandoning 
his  intention  of  entering  the  profession  of  medicine.      The  writer 
became  acquainted  with  him  in  the  autumn  of  1874.      He  had  occu- 
pied himself  during  the  previous  year  in  biological  studies,  and  was 
above  all  an   ardent  disciple   of  Mr.  Darwin,  with  whom  he  had 
already  corresponded,  and  soon  after  came  into  personal  relation. 
For  a  couple  of  years  Romanes  was  a  worker  in  the  Physiological 
Laboratory  at   University   College,   London,   and    dated   therefrom 
(1876)  his  first  contribution  to  the  Boyal  Society.     In  the  autumn  of 
the  same  year  he  began  his  physiological  experiments  on  Medusas 
and  sea  urchins,  and  erected  for  the  purpose  a  convenient  marine 
laboratory  close   to  his  house  at  Dunskaith,   at  the   entrance  of 
Cromarty  Firth,  where  he   spent  many  happy   autumns,   engaged 
partly  in  pursuit  of  game,  partly  in  serious  work.      He  first  became 
kno¥m  to  the  general  public  in  1878,  when  he  was  invited  to  deliver 
one  of  the  evening  lectures  at  the  British  Association  at  Dublin  on 
"  Animal  Intelligence,*'  the  substance  of  which  took  the  form  of  a 
book  in  1881.   This  was  followed  by  a  volume  on  '  Mental  Evolution  in 
Animals,'  and,  later,  by  *  Mental  Evolution  in  Man.'   He  was  admitted 
to  the  Fellowship  of  the  Boyal  Society  in  1879.    In  1885  he  undertook 
to  deliver  an  academical  course  in  Edinburgh,  which  comprised  some 
thirty  lectures,  and  extended  over  three  years.    He  was  subsequently 
(1888)  appointed  Fullerian  Professor  at  the  Boyal  Institution,  and 
brought  together  the  substance  of  his  London  and  Edinburgh  lectures 
in  a  treatise  entitled  '  Darwin  and  after  Darwin.'     His  other  works 
will  be  referred  to  in  the  following  paragraphs. 

Bomanes  died  suddenly  of  cerebral  hsBmorrhage  on  May  23,  1894. 
Threatening  symptoms  of  arterial  disease  had  appeared  in  the 
summer  of  1892,  which  were  followed  by  a  formidable  illness  in  July, 
1893.  After  this  he  travelled  to  the  south  of  France,  returning  to 
Oxford,  where  he  had  resided  since  1890,  in  the  spring  in  much 
improved  health.  Up  to  the  end  he  preserved  not  only  his  mental 
vigour,  but  the  keenness  of  his  interest  in  his  scientific  pursuits. 

It  is  proposed  in  the  foUowing  paragraphs  first,  to  give  an  account 
of  Bomanes'  physiological  work,  then  of  his  contributions  to  what  is 
now  understood  by  the  term  biology,  and,  finally,  to  refer  very 
briefly  to  his  psychological  writings. 

The  subject  of  his  first  communication  to  the  Boyal  Society  (May, 
1876)  was  ^*The  Influence  of  Injury  on  the  Excitability  of  Motor 
Nerves."     Of  this  paper,  it  is  sufficient  to  say  that  the  observations 
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weire  made  with  great  care,  and  that  the  new  facts  recorded  have 
been  fully  confirmed  by  later  observers. 

The  first  of  the  very  extended  series  of  researches  relating  to  the 
**  locomotor  system  "  of  the  Medas»,  starfishes,  and  sea  nrchins  was 
published  in  the  '  Philosophical  Transactions  '  the  same  year,  1876, 
the  last  in  1881.  These  are  so  well  known  in  consequence  of  their 
having  been  placed  before  the  public  in  one  of  the  volumes  of  the 
International  Scientific  Series,  that  it  is  sufficient  to  notice  one  or 
two  points  of  interest  relating  to  them.  As  regards  the  MedussB,  the 
chief  value  of  Romanes'  numerous  and  varied  experiments  consisted 
in  the  light  they  threw  on  elementary  questions  in  physiology  rela- 
ting to  excitability  and  conduction.  As  regards  the  arrangement  and 
distribution  of  the  nervous  system,  it  is  interesting  to  note  how 
closely  his  inferences  from  experiment  coincided  with  the  anatomical 
facts  brought  to  light  a  year  or  two  later  by  the  researches  of  the 
brothers  Hertwig.  In  the  researches  on  the  Echinodermata,  which 
were  undertaken  five  years  later,  Romanes  was  aided  in  the  anato- 
mical part  of  his  inquiry  by  his  friend  Professor  Ewart.  Through- 
out, his  mode  of  working  was  the  same,  and  was  characteristic  of  the 
worker.  His  method  was  not  to  elaborate  a  plan  of  research  before- 
hand, ascertaining  what  questions  had  been  left  uninvestigated  by 
previous  observers,  but  rather  to  find  out  all  he  could,  before  he  beg^n 
to  experiment,  about  the  phenomena  which  presented  themselves  to 
his  observation  in  the  out-of-door  study  of  animal  life.  Residing, 
as  has  been  said,  at  the  entrance  of  Cromarty  Firth,  the  animals  that 
he  chose  as  the  subjects  of  inquiry  were  those  which  most  abounded 
in  its  waters.  In  the  study  of  starfishes  and  sea  urchins,  he  began 
by  observing  their  mode  of  progression,  the  way  in  which  the  animals 
recover  themselves  when  placed  in  unnatural  positions,  the  way  in 
which  they  encounter  or  escape  from  an  attacking  enemy,  and  then 
proceeded  by  the  ordinary  methods  of  physiological  experiment  to 
the  investigation  of  the  functions  of  the  nervous  system,  and  to  the 
determination  of  the  way  in  which  the  movements  of  the  animal  are 
co-ordinated.  Throughout,  the  value  of  his  results  was  enhanced  by 
the  circumstance  that  he  availed  himself  freely  of  the  opportunity 
which  his  position  afforded  him  of  multiplying  his  experiments,  and 
confirming  every  observation  by  repeating  it  on  individuals  belonging 
to  a  variety  of  species. 

Between  1882  and  1893  Romanes  offered  no  further  contribution 
of  any  moment  to  the  Royal  Society ;  but  in  the  latter  year  (see 
'Proceedings,'  vol.  54,  p.  333)  he  submitted  summaries  of  two  experi- 
mental inquiries,  one  of  which,  on  Plant  Excitability,  was  so  closely 
related  to  his  early  physiological  studies  that  it  may  be  most  con- 
veniently noticed  here.  Its  purpose  was  to  prove  that  the  bending  of 
plants  towards  any  source  of  light  is  so  little  de^xvdcvit  QT\.>iJD.^  t^uAxtv- 


tity  and  so  entirely  on  the  s^Menness  of  the  illnmination,  that  a 
series  of  instantaneous  exposures  at  intervals  of  two  seconds  produces 
in  a  given  time  a  greater  effect  than  continuous  illumination  from  the 
same  source  for  the  whole  period — a  proof  that  in  this  case  the  action 
in  question  is  "liberated,"  not  "maintained,"  by  light.  The  re- 
markable capacity  for  experimental  investigation  which  was  exhibited 
in  these  and  in  his  eai'Iier  physiological  studies  made  it  a  matter  of 
reg^t  to  many  of  his  friends  that  he  did  not  continue  them. 

An  account  must  now  be  given  of  his  work  in  the  field  of  general 
biology.  His  interest  in  Darwinian  questions  dates  from  the  time 
which  preceded  and  followed  his  becoming  acquainted  with  Mr. 
Darwin  in  1874.  This  acquaintance  soon  ripened  into  a  friendship, 
to  the  reality  of  which  the  writer  can  testify.  It  was  promoted  first 
by  the  fact  that  in  those  early  student  days,  Romanes'  mind  was,  so 
to  speak,  steeped  in  Darwinian  doctrine  ;  but  it  owed  its  permanence 
to  his  possessing  certain  rare  and  brilliant  intellectaal  quiJities  which 
Mr.  Darwin  highly  appreciated. 

As  he  himself  tells  us  (see  *  Nature,*  vol.  8,  p.  432,  1873),  it  was  in 
discussing  with  Mr.  Darwin  some  of  the  cases  in  which  the  effects  of 
disuse  appear  to  be  inherited,  that  his  attention  was  directed  to  a 
principle — now  held  by  many  biologists  to  be  of  great  importance — 
that  of  the  action  of  "  panmixia  "  or  "  negative  selection  "  (Weis- 
mann),  or  as  Romanes  at  that  time  called  it,  "  cessation  of  selection." 
His  claim  to  priority  in  this  matter  was,  however,  weakened  by  the 
circumstance  that  he  did  not  set  forth  this  principle  as  of  universal 
application — as  the  (ynly  way  by  which,  consistently  with  the  recogni- 
tion of  the  "  all  sufficiency  of  natural  selection  "  ( Weismann,  *  Cent. 
Review,'  p.  334).  the  disappearance  of  superfluous  organs  can  be 
accounted  for.  Another  subject  of  interest  to  him  was  also  of 
directly  Darwinian  origin.  It  seems  to  have  been  sugg^ted  by  a 
well-known  passage  in  which  Mr.  Darwin  pointed  out  that  specific 
characters  which  "  do  not  affect  the  welfare  of  the  species  "  cannot 
be  attributed  to  natui^l  selection  ('  Origin,'  6th  ed.,  p.  176).  Romanes' 
ideas  on  this  point  did  not  take  form  until,  in  1886,  he  communicated 
to  the  Linneau  Society  his  well-known  article  on  "  Physiological 
Selection ;  an  additional  Suggestion  on  the  Origin  of  Species."  The 
title  was  perhaps  an  unfortunate  one,  for  it  suggested  a  purpose  which 
was  very  far  from  being  that  of  the  writer.  It  seemed  like  an  attack 
on  the  fundamental  doctrine  of  the  ^  Origin.'  Notwithstanding  it<s  rather 
speculative  character,  the  essay  on  "  Physiological  Selection  "  mnst 
be  considered  as  the  most  important  of  his  biological  writings,  for 
it  sets  before  the  reader,  in  terms  which  cannot  be  mistaken,  that 
if  by  species  is  meant  an  association  of  animals  or  plants  which  is 
distinguished  by  the  incapacity  of  its  members  to  unite  sexually  with 
outsiders,  the  coming  into  existence  of  this  disability  as  a  barrier 


between  tbem  is  a  factor  in  the  origin  of  species  of  which  sufficient 
account  has  not  been  taken. 

Romanes*  precise  position  in  relation  to  this  contentious  subject 
may  be  stated  very  shortly.  Other  naturalists  had  shown  that 
isolation  of  part  of  a  species,  whether  by  geographical  or  other 
external  obstacles  to  sexual  intercourse,  inevitably  led  to  the  acquire- 
ment by  the  plants  or  animals  thus  sepai*ated,  of  characters  different 
from  those  of  the  remainder,  and  eventually  to  the  setting  up  of  the 
bar  of  reciprocal  sterility  between  them.  To  this,  without  pi'ofessing 
to  explain  it,  Romanes  added  the  statement  that  the  setting  up  of 
this  "  physiological "  barrier  may  he  the  primary  event,  i.e.,  that  it 
may  come  into  existence  between  one  part  of  a  species  and  the  rest 
in  the  absence  of  any  structural  difference,  or  other  external  obstacle 
to  sexual  union,  and  thus,  having  no  cause  itself,  become  the  prime 
cause  of  all  other  differences.  He  himself  admitted  that  his  *^  theory  " 
was  but  a  statement  of  what  he  believed  actually  to  happen,  leaving 
the  explanation  of  it,  with  that  of  variation  in  general,  to  the  "  future 
of  physiology  "  (*  Linn.  Soc.  Zool.  Proc.,*  vol.  19,  p.  337).  During 
the  following  half-dozen  years-  he  spent  much  time  and  labour  in 
bringing  together  confirmatory  instances,  the  results  of  which  will  no 
doubt  soon  be  published.  The  chief  claim  to  consideration  of  this 
theory  consists  in  the  prominence  which  it  gives  to  what  Romanes 
calls  "  mutual  sterility,  with  fertility  inter  se"  as  that  which  consti- 
tutes the  essence  of  species ;  in  other  words,  to  the  subordination  of 
all  other  specific  distinctions  to  the  one  primary  and  dominant  one 
— sterility  to  otUstders.  Had  he  contented  himself  with  showing  that 
whenever  a  variety  is  promoted  to  the  rank  of  a  species,  that  promo- 
tion consists  in  the  setting  up  of  the  "  bar  of  sterility  " — that  the  pro- 
tection of  this  barrier,  however  set  up,  is  essential  to  the  progressive 
modification  by  natural  selection  of  the  species — and  that  there  are 
reasons  for  believing  that  the  functional  disability  may  come  into 
existence  in  the  absence  of  recognisable  structural  difference,  no  one 
would  have  fallen  into  the  mistake  of  supposing  that  it  was  his 
intention  to  substitute  a  new  doctrine  for  the  Darwinian. 

As  regards  the  question  whether  acquired  characters  are  inherited, 
it  is  sufficient  to  say  that  both  the  direct  and  the  indirect  evidence 
seemed  to  Romanes  to  tend  towards  the  affirmative.  His  physio- 
logical training  probably  made  him  more  alive  than  he  would  other- 
wise have  been  to  the  difficulties  which  present  themselves  in  all 
those  cases  in  which  the  apparatus  required  for  the  performance  of  a 
complicated  function  must  be  in  complete  working  order  before  it  can 
be  of  the  slightest  use  to  the  organism,  and  consequently  must  have 
arrived  at  perfection  of  development  independently  of  the  operation 
of  natural  selection.  The  particular  case  in  which  he  emphasises 
this   difficulty  is  that  of  the  complicated  automatic  vcA  ^^«i^»:i^ 
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oo-ordinated  bodily  movements  of  the  higher  animals,  the  performance 
of  which  involves  the  co-operation  of  a  complicated  system  of  sense 
organs,  sensory  nerves,  centres,  motor  nerves,  and  muscles ;  it  being 
obvious  that  the  power  of  so  co-ordinating  the  actions  of  these  various 
parts  as  to  ensure  the  accomplishment  of  the  required  purpose  is  as 
certainly  transmitted  to  offspring  by  inheritance  as  any  morphological 
character.  All  that  Romanes  has  written  on  this  subject — volumi- 
nous as  it  is — is  in  complete  accord  with  Mr.  Herbert  Spencer*s 
contention,  that  the  **  coadaptation  of  parts  cannot  be  accounted  for 
by  the  natural  selection  of  variations  arising  fortuitously.**  This 
doctrine  he  did  his  best  to  corroborate  by  new  examples,  considering 
Mr.  Spencer*s  line  of  argument  exceedingly  *'  cogent  against  ail  ultra- 
Darwinians.** 

In  dealing  with  the  much  more  difficult  question  of  the  direct 
evidence  for  or  against  the  inheritance  of  acquired  characters, 
Romanes  found  the  same  difficulties  as  other  naturalists.  It  is  well 
known  that  for  many  years  he  sought,  with  praiseworthy  persever- 
ance, to  verify  the  experimental  results  obtained  by  the  late  Dr. 
Brown-Sequard  as  regards  the  transmission  to  offspring  of  certain 
structural  defects  and  pathological  tendencies,  originally  produced  in 
guinea-pigs  by  injuries  of  the  central  nervous  system.  Although 
some  of  the  experiments  made  for  this  purpose  yielded  interesting 
results,  the  appearances  observed  were  not  sufficiently  constant  or 
decisive  to  enable  him  to  confirm  Brown-Sequard's  conclusions.  In 
addition  to  these  experiments  of  his  own.  he  was  unceasing  in  his 
efforts  to  bring  together  all  the  experimental  evidence  that  he  could 
get  hold  of,  either  by  reading  or  correspondence,  relating  to  the  con- 
ditions under  which  structural  modifications  produced  by  environment 
persist  in  the  offspring  of  plants  and  animals  for  many  generations, 
independently  of  the  external  conditions  which  originally  produced 
them.  On  the  question  of  so-called  Telegony,  he  endeavoured  to 
obtain  information,  partly  by  correspondence,  partly  by  experiments 
(see  *  Contemporary  Review,*  1893,  p.  512).  To  what  extent  these 
efforts  were  productive,  the  writer  is  unable  to  say,  but  there  seems 
reason  to  hope  that  the  collected  evidence,  when  published  in  the 
forthcoming  second  volume  of  *  Darwin,  and  after  Darwin,*  will  be  of 
considerable  interest.  It  may  be  noted  that,  although  Romanes 
agrees  with  Mr.  Spencer  in  regarding  telegony,  if  true,  to  be  fatal  to 
the  doctnne  of  "  Germplasm,*'  his  idea  of  its  mechanism  is  different. 

During  the  year  which  preceded  his  death,  Romanes  published  the 
work  entitled  *  An  Examination  of  Weismannism/  Its  purpose,  as 
stated  in  the  Preface,  was  not  to  discuss  either  the  question  of  the 
inheritance  of  acquired  characters,  with  which  Professor  Weismann*8 
name  is  so  closely  associated,  or  the  conception  of  the  architecture  of 
germplasm,  which  is  no  less  essential  to  his  general  theory.     What 
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he  had  in  view  was  rather  to  trace,  for  the  information  of  non- 
biological  readers,  the  successiye  stages  through  which  that  theorj 
has  passed  during  the  half-dozen  years  that  it  has  been  before  the 
reading  public  in  England.  Notwithstanding  its  polenucal  character, 
it  contains  much  that  is  of  value  and  interest,  particularly  the  com> 
parison  between  the  theory  of  heredity,  submitted  to  the  Boyal 
Society  by  Mr.  Francis  Gulton  in  1872,  with  the  doctrine  now  advo- 
cated by  the  great  German  naturalist. 

In  conclusion,  reference  must  be  made  to  Bomanes'  numerous  and 
valuable  contributions  to  the  study  of  comparative  psychology.  On 
this  subject  Professor  Lloyd  Morgan  has  been  kind  enough  to  furnish 
the  writer  with  some  valuable  notes. 

Romanes  first  became  known  as  a  writer  on  comparative  psychology 
when  he  delivered,  as  already  mentioned,  one  of  the  evening  lectures 
on  ^*  Animal  Intelligence,"  at  the  meeting  of  the  British  Association 
at  Dublin  in  1878.  His  first  published  work  with  the  same  title 
appeared  in  1881.  In  it  he  set  forth  conclusions  as  to  the  mental 
endowments  of  animals,  which  were  founded  partly  on  his  own 
observations,  partly  on  those  of  other  persons,  which  he  had  collected 
fi-om  a  great  variety  of  sources.  This  preparatory  volume  was  fol- 
lowed in  1883  by  a  work  on  *  Mental  Evolution  in  Animals/  in 
which  he  lucidly  and  brilliantly  set  forth  what  he  regarded  as  the 
principles  of  the  subject.  Into  this  treatise  were  "  woven  "  as  quotas 
tions  certain  notes  given  to  Romanes  by  Mr.  Darwin  during  his  life ; 
besides  which  "  a  part  of  Mr.  Darwin*s  chapter  on  Instinct,  written 
for  the  *  Origin  of  Species,'  but  afterwards  suppressed  for  the  sake  of 
condensation,"  was  added  as  an  appendix. 

*  Mental  Evolution  in  Animals  *  was  followed  in  1888  by  an  in- 
stalment of  a  work  on  *"  Mental  Evolution  in  Man,'  dealing  with  the 
origin  of  the  human  faculty.  It  was  the  last  work  of  the  Mental 
Evolution  Series  which  the  author  was  ever  to  complete ;  but  it  was 
his  intention  to  widen  the  field  of  discussion  at  a  later  period.  The 
book  encountered  its  full  share  of  criticism.  The  author's  views  were 
objected  to,  on  the  one  hand,  by  those  to  whom  the  evolution  of 
human  from  animal  intelligence  was  unacceptable,  on  the  other,  by 
those  who,  on  scientific  grounds,  were  unable  to  accept  Romanes' 
interpretation  of  animal  faculty.  All,  however,  would  be  willing  to 
admit  that,  to  quote  the  words  of  Professor  Lloyd  Morgan,  "  by  his 
patient  collection  of  data,  by  his  careful  discussion  of  these  data  in 
the  light  of  principles  clearly  and  definitely  formulated,  by  his  wide 
and  forcible  advocacy  of  his  views,  and  above  all  by  his  own  observa- 
tions and  experiments,  Mr.  Romanes  left  a  mark  in  this  field  of 
investigation  and  interpretation  which  is  not  likely  to  be  effaced." 

In  the  preceding  paragraphs  an  endeavour  has  been  made  to  give  a 
concise  summary  of  Romanes'   contributions  to  biolo^cal  ^Rs^^sc^s^Rk. 
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Such  an  account  wonld  not,  however,  completely  enable  the  reader  to 
form  a  jnst  conception  of  the  influence  which  he  exercised  during 
the  last  ten  years  of  his  life,  by  bis  writings  and  public  utterances.  It 
would,  indeed,  be  doing  scant  justice  to  his  memory  if,  even  in  record- 
ing the  dry  additions  to  knowledge  which  resulted  from  his  work,  we 
were  to  forget  what  science  owes  to  him  for  having  awakened  in  the 
minds  of  thousands  of  readers,  both  in  England  and  in  America,  that 
interest  in  the  relations  of  man  to  his  living  8urn)undings,  which  is 
so  often  the  first  step  in  the  training  of  a  naturalist.  All  who  know 
Romanes'  writings  will  agree  that,  quite  independently  of  the  subjects 
to  which  they  relate,  they  possess  qualities  which  sufficiently  account 
for  the  favour  with  which  they  have  been  received  on  both  sides  of 
the  Atlantic.  Even  those  who  are  at  variance  with  Romanes  on 
fundamental  questions,  are  charmed  by  the  unconstrained  and  natural 
way  in  which  his  originality  shines  out  in  his  language,  and  reconciled, 
in  spite  of  their  convictions,  by  the  directness  and  simplicity  of  his 
reasoning.  A  considerable  share  of  the  interest  which  the  questions 
on  which  he  wrote  at  present  excite,  may  be  directly  traced  to  his 
writings,  the  popularity  of  which  affords  the  best  evidence  of  their 
adaptedness  to  their  purpose. 

One  word  as  to  Romanes'  personal  qualities.  He  had  many 
opponents,  no  enemies.  Transparently  honest  himself  and  scarcely 
knowing  what  bitterness  meant,  he  looked  for  and  foand  the  same 
kindliness  and  honesty  in  others  and  thus  often  made  friends  of  his 
antagonists.  The  wide  range  of  his  interests  and  the  number  of  the 
subjects  about  which  he  was  able  to  talk  suggestively,  made  him  a 
most  attractive  companion.  He  was  courteous  to  all,  but  reserved 
the  best  of  his  gifts — his  overflowing  charity  and  ungrudging 
sympathy — ^for  his  intimate  friends.  To  how  many  who  stood  in  this 
relation  to  him  is  his  loss  an  irreparable  calamity  ! 

J.  B.  S. 

Alphonse  de  Candolle  :  When  the  history  of  the  progress  of 
botany  during  the  19th  century  shall  be  written,  no  names  will  be 
more  conspicuous  for  the  value  and  extent  of  their  united  labours 
than  those  of  the  de  Candolle's,  father  and  son,  Auguste  Pyrame  and 
Alphonse.  Their  labours  embraced  every  department  of  the  science, 
morphological,  physiological,  systematic,  geographical,  and  economic, 
and  were  uninterrupted  during  ninety-five  years,  those  of  the  father 
extending  from  1798  to  1842,  and  of  the  son  from  1824  to  1893. 
And  if  the  period  during  which  their  labours  overlapped  be  taken 
into  account,  the  total  amounts  to  113  years. 

The  subject  of  this  notice,  Alphonse  Louis  Pierre  de  Candolle,  was 
bom  in  Paris,  October  27, 1806,  and  passed  his  earlier  years  at  Mont- 
pellier,  where  his  father,  a  Genevese,  of  Huguenot  descent,  and  a 
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Protestant,  held  the  professorship  of  botanj.  In  1814  the  father  was 
transferred  to  the  botanical  chair  of  Geneva,  and  there,  in  1825, 
Alphonse  took  the  degree  of  Bachelor  of  Science,  and  commenced  the 
study  of  law.  In  1829  he  took  his  doctor's  degree  in  that  faculty, 
selecting  as  the  subject  of  his  inaugural  thesis  '*  Le  Droit  de  Gr&ce." 
It  should  be  observed,  in  passing,  that  his  legal  education  had  a 
marked  influence  on  his  subsequent  career,  both  as  a  citizen  and  as  a 
botanist ;  on  the  one  hand  it  qualified  him  to  undertake  civic  duties 
of  inestimable  advantage  to  his  canton  and  country,  and  on  the  other 
it  contributed  largely  to  the  development  of  those  qualities  of  exacti- 
tude in  collecting  and  recording  facts,  of  methodical  arrangement  of 
these,  and  of  cautious  reasoning,  that  are  predominant  features  in  all 
his  scientific  writings. 

From  a  very  early  age  Alphonse  de  CandoUe  had  developed  a  love 
of  botany,  and,  when  only  18  years  old,  he  published  his  first  con- 
tribution to  this  science,  in  a  paper  on  Agaricus  tubceformis,*  a 
remarkable  dimorphic  fungus,  found  on  the  wood  of  thermal  baths  in 
Piedmont,  which  appeared  in  the  *  Annales  des  Sciences  Naturelles  ' 
(vol.  1,  p.  347). 

In  1830  he  began  to  co-operate  with  his  father  in  the  elaboration  of 
the  colossal  *  Prodromus  Systematis  Yegetabilium,*  by  the  prepara- 
tion of  a  monograph  in  advance  of  that  work,  on  the  Oampanul(icecB, 
which  at  once  raised  him  to  a  high  position  as  a  botanist.  It  was 
followed  in  1832  by  another  monograph,  supplemental  to  the  '  Pro- 
dromus,' upon  the  very  obscure  and  little  known  tropical  family  of 
Anonacece,  which,  owing  to  the  want  of  materials,  had  been  inefBi- 
ciently  dealt  with  in  that  work.  On  his  father's  death  in  1841  the 
future  conduct  of  the  '  Prodromus '  was  undertaken  by  Alphonse, 
who  for  upwards  of  half  a  century  zealously  laboured  towards  its 
completion  as  editor  and  part  author  of  the  eight  succeeding  volumes ; 
and  thereafter  of  its  continuation  in  the  '  Monographias  Phaneroga- 
marum,'  in  which  he  was  zealously  aided  by  his  eminent  son  Casimir. 

Alphonse  de  Candolle's  individual  contributions  to  the  *  Pro- 
dromus '  consist  of  detailed  descriptions  of  forty-five  natural  families, 
containing  438  genera  and  upwards  of  5300  species.  Amongst  these  the 
most  important  are  the  MffrsinacecBy  LoheltacecBf  Apocynacecej  Myri' 
siicttceae,  Begoniacecef  and  Gupuliferm,  The  judgment  of  botanists  upon 
these  (and  upon  those  not  enumerated)  is  that  they  exhibit  all  the 
best  qualities  of  monographic  work,  scientific  and  scholarly.  As  an 
example  of  the  completeness  of  his  work,  the  last  mentioned  order 
(GupulifercB)  may  be  instanced.  It  includes  the  great  genus  of  oaks, 
which  had  previously  been  represented  descriptively  by  a  chaos  of  ill- 

*  Some  of  the  most  eminent  botanists  commenced  the  study  of  plants  with  the 
lower  cryptogams,  as  did  the  elder  de  Candolle,  the  first  of  whose  long  list  of  publi- 
ations  was  on  the  nutrition  of  lichens. 
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defined  species  of  the  north  temperate  zone,  and  little  more  than  indi^ 
cations  of  the  existence  of  a  vast  contingent  of  Oriental,  Asiatic,  and 
Malayan  groups  of  species,  specimens  of  which  were  scattered 
through  varions  great  herbaria  of  Europe.  These  last  presented  the 
greatest  difficulties,  and  as  showing  how  successfully  thej  were 
treated,  it  is  instructive  to  find  that  in  Dr.  King*s  very  recent  mag- 
nificent illustrated  work  on  the  oaks  of  India  and  the  Malay  Islands, 
and  which  is  founded  on  materials  immeasurably  superior  to  what 
Alphonse  de  Candolle  had  access  to,  and  on  double  the  number  of 
species,  all  but  one-eighth  of  those  described  in  the  Prodromns  are 
found  to  have  been  satisfactorily  established  upon  sound  scientific 
principles. 

Before  concluding  the  subject  of  the  Prodromus,  it  must  be  re- 
corded that  over  and  above  the  labour  expended  on  his  own  contribu- 
tions to  it  was  that  involved  in  the  editorship  of  the  17  volumes,  in 
the  collection  of  materials  for  his  collaborators,  in  the  correspondence 
with  the  latter,  and  in  the  revision  of  their  work  in  MS.  and  in  the 
press — laborious  and  often  irksome  duties — all  scrupulously  per- 
formed. 

The  knowledge  and  experience  acquired  during  the  progress  of  the 
Prodromus  led  to  an  exposition,  for  the  guidance  of  monographers, 
of  his  views  as  to  the  right  method  of  proceeding  in  describing 
plants.  Three  treatises  may  be  classed  under  this  head.  The  first  is  a 
paper  published  in  1862,  and  entitled  *'  £tudes  sur  Tesp^ce,  k  I'occa- 
sion  d'une  Revision  de  la  famille  des  Cupulifdres."  It  is  an  interest- 
ing and  instructive  study  of  the  meaning  and  application  of  the  term 
species  as  employed  by  naturalists,  its  limits  and  those  of  its  mem- 
bers, in  time  and  area,  their  origin,  future,  and  modifications.  For 
such  a  study  he  suggests  the  term  epiontolog^. 

The  second  is  entitled  '^La  Phytographie,  ou  Part  de  d^rire  les 
veg^taux  consid6r6s  sous  differents  points  de  vue,"  published  in  1880. 
Founded  primarily  on  the  principles  so  well  laid  down  by  Linnieus, 
this  excellent  work  embodies  the  results  of  de  Candolle's  own  long 
experience  and  those  of  his  predecessors  and  contemporaries,  on  the 
methods  that  should  be  followed  by  biologists,  whether  botanists  or 
zoologists,  in  describing  organised  beings.  In  this  work  the  good 
effect  of  de  Candolle's  legal  training  is  conspicuous,  for  the  prin- 
ciples which  he  would  see  adopted,  besides  being  unexceptionable,  are 
laid  down  with  judgment,  precision,  and  moderation  that  leave 
nothing  to  be  desired. 

The  third  is  his  '^  Lois  de  la  Nomenclature  Botanique,"  which  ap- 
peared in  1 867,  and  in  which  rules  were  given  for  selecting,  amongst 
conflicting  claims  and  opinions,  the  name  a  genus  or  species  should 
bear,  assuming  that  it  had  borne  two  or  more.  So  impressed  was 
de  Candolle  with  the  importance  of  this  subject,  that  it  was  always 
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appermost  in  his  thoughts  dnriog  forty  years  of  his  life,  during  whioh 
period  he  published  twelve  treatises  on  the  subject.  The  result  has 
been  the  general  acceptance  of  the  principles  he  laid  down,  and  the 
adoption  of  the  rules,  except  where  expediency  or  exceptional  condi-. 
tions  clearly  require  their  modification  or  supersession. 

Turning  from  A.  de  CandoUe's  taxonomic  labours,  it  is  on  his 
'  Geogpraphie  Botanique  Raisonn^e,'  published  in  1858,  that  his  most 
enduring  claim,  as  a  philosophical  botanist,  rests.  The  subject  had 
early  attracted  his  attention.  He  was  drawn  to  it  both  by  inclina- 
tion and  by  his  father's  admirable  *  Essai  filementaire  de  Geographic 
Botanique  '  (published  in  1820).  An  interesting  chapter  in  his  own 
monograph  on  Gampanulacece  (his  earliest  systematic  work)  is  devoted 
to  it ;  a  more  important  one  is  embodied  in  his  *  Introduction  k 
r£tude  de  la  Botanique'  (1835);  and  in  1848  he  published 
('  Comptes  Bendus  ')  a  suggestive  essay  on  the  northern  limitation 
of  plants,  adopting  as  a  leading  principle  the  '*  M^thode  des  Sommes 
de  Temperature,"  as  laid  down  by  Boussingault  in  his  '*  Economic 
Rurale." 

It  is  impossible  in  a  notice  like  the  present  to  give  even  a  general 
review  of  the  contents  of  a  work  covering  such  a  wide  range  of  in- 
teresting and  important  considerations  as  the  '  Geographic  Botanique 
Baisonnee,'  and  which  enters  into  so  many  of  these  in  extraordinary 
detail.  The  impressions  left  in  the  mind  after  a  first  perusal  are  of 
surprise  at  the  astonishing  number  of  the  valuable  observations 
collected  and  collated  from  apparently  inexhaustible  sources,  the 
precision  and  methodical  subdivision  of  the  subject  matter,  and  the 
scrupulous  care  with  which  the  labours  of  every  previous  author 
and  reasoner  are  treated.  It  may  truly  be  said  of  the  author  of  the 
*  G^ographie  Botanique,'  as  has  been  of  Darwin's  *  Origin  of  Species,' 
that  he  has  utilised  to  the  best  purpose  the  waste  and  the  rejected 
observations  of  scores  of  less  sagacious  reasoners.  Throughout  the 
work  the  search  for  general  principles  and  laws  is  conspicuous.  No 
methods  known  to  him  are  left  untried,  the  statistical  above  all  others, 
and  even  when  these  all  fail,  the  materials  left  for  the  analysis  of 
future  thinkers  are  so  well  knit  together  and  so  absolutely  trust- 
worthy that  they  have  in  numberless  instances  proved  of  great  value. 
The  most  conspicuous  instance  of  this  is  to  be  found  in  the  exhaustive 
chaptei*s  devoted  to  the  influences  of  heat  and  light  on  the 
development  of  individuals  and  of  species,  and  on  the  distribution  of 
the  higher  groups  of  plants.  Though  not  always  leading  directly  to 
a  precise  correlation  of  cause  with  effect  in  the  desired  direction,  the 
value  of  these  researches  appears  in  another  chapter,  where  it  is 
shown  by  a  reference  to  them  that  the  limitation  of  species,  whether 
on  plains  or  mountains,  is  determined  by  the  amount  of  heat  above 
the  freezing  point  of  water,  that  is  absorbed   during  tli«  ts^ss^o^^ 
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occupied  in  growth,  and  not  by  the  means  or  extremes  of  annual  tem- 
perature. Influenced,  no  doubt,  by  his  early  legal  studies,  there  is 
throughout  the  *  Geographic  Botanique '  a  disregard,  almost  amount- 
ing to  a  negation,  of  speculative  and  theoretical  considerations ;  but, 
under  this  point  of  view,  it  must  be  remembered  that  the  '  Origin  of 
Species  '  had  not  as  yet  appeared  ;  that  Forbes'  and  Lyell's  pr^^nant 
suggestions,  as  afiFecting  the  dispersion  of  species,  were  not  generally 
accepted,  and  that  the  doctrine  of  the  multiple  origination  of  indi- 
viduals of  a  species  was  entertained,  if  not  formally  adopted,  by  de 
CandoUe  as  the  more  probable  theory  of  creation  ;  as  also  that  genera 
were  considered  by  him  to  be  more  natural  (better  limited)  groups 
than  species. 

In  1882  appeared  the  *  Origine  des  Plantes  Cultivees,'  an  expan- 
sion of  Chapter  IX  of  the  '  Geographic,'  but  which,  being  published 
thirty  years  later,  and  containing  a  vast  amoant  of  additional  matter, 
is  really  a  new  and  independent  work.  It  is  prefaced  by  two  chapters, 
one  on  the  supposed  origin  of  the  art  of  cnltivation  in  different 
countries,  the  other  on  the  methods  he  employed  in  tracing  the 
sources  whence  cultivated  plants  have  been  obtained.  These  methods 
are  botanical,  archsBological,  palseontological,  historical,  and  linguistic, 
in  the  application  of  all  of  which  the  author  has  shown  great  learning 
and  judgment,  and  the  result  is  a  work  of  extraordinary  interest  and 
value.  It  has  already  gone  through  three  editions,  and  a  fourth  is 
urgently  needed,  because  many  tropical  cultivations  have  still  to 
be  dealt  with,  and  because  some  very  important  supplemental  facts, 
especially  as  regards  plants  of  American  origin,  have  been  published 
in  an  elaborate  review  of  de  Candolle's  work  by  Dr.  A.  Gray  and 
J.  H.  Trumbull,  in  the  *  American  Journal  of  Arts  and  Sciences' 
(April— August,  1883). 

Another  work,  though  more  of  a  literary  than  of  a  purely  scientific 
character,  must  not  be  omitted  in  a  review  of  de  Candolle's  labours : 
it  is  his  *  Histoire  des  Sciences  et  des  Savants  depuis  deux  Sidles, 
prec6dee  et  snivie  d'autres  £tudes  snr  des  sujets  scientifiques,  en  par- 
ticulier  sur  rHer^dit^  et  la  Selection  dans  I'esp^ce  humaine,"  of 
which  the  first  edition  appeared  in  1873,  and  a  greatly  enlarged  one 
in  1885.  It  need  not  be  said  that  the  '  Origin  of  Species '  suggested 
this  fascinating  work,  and  that  the  writings  of  Grove,  Spencer,  Gtilton, 
and  Wallace  have  all  been  largely  drawn  upon  in  its  execution. 
Both  genius  and  originality  are  displayed  in  it,  whether  in  respect  of 
the  problem  it  essays  to  solve  or  the  views  which  it  sets  forth.  With 
his  undeviating  preference  for  the  statistical  method,  he  enumerates 
by  name  all  the  scientific  men  who  had  attained  the  honour  of 
Associates  and  Correspondents  of  the  Academies  of  Science  of  Paris 
and  Berlin,  and  of  Foreign  Fellowship  of  the  Royal  Society  of  London, 
between  1664  and  1882,  with  their  nationalities  and  the  branches  of 
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science  for  which  they  were  distinguished.  After  subjecting  the  lists 
to  a  severe  scrutiny,  he  finds  that  Switzerland  carries  away  the  palm, 
in  respect  of  the  number  in  proportion  to  its  population,  of  the 
recipients  of  these  academical  honours.  England  he  considers  to  be 
the  country  most  favourably  conditioned  for  intellectual  culture^ 
especially  due  to  the  facility  with  which  its  language  may  be  acquired 
for  reading  purposes.  This  led  to  an  analysis  of  the  chief  European 
languages,  with  the  result  that,  owing  to  its  *'  comparatively  simple 
declensions  and  conjugations,  its  facility  for  forming  compound  words, 
and  its  abundance  of  short  declamatory  expressions,  English  is  likely 
to  become  the  universal  language  of  the  future.*' 

By  editing  the  autobiography  of  his  distinguished  father,  A.  de 
CandoUe  has  enriched  the  history  and  literature  of  science.  The 
father  was  a  man  of  genius  and  varied  attainments,  a  lover  of  society, 
and  an  excellent  talker,  who  cultivated  the  acquaintance  of  the  most 
intellectual  people  in  France  and  England  during  the  first  forty  years 
of  the  present  century,  and  his  autobiography  contains  instructive 
anecdotes,  often  racy  and  never  injurious,  of  not  a  few  of  the  most 
eminent  men  of  his  time. 

A.  de  Candolle*s  professional  career  as  a  botanist  began  in  1S31, 
when  he  was  appointed  Honorary  Professor  of  Botany  in  the  Academy 
of  Geneva,  assistant  to  his  father  as  Director  of  the  Botanical  Grardens, 
and  conductor  of  the  students'  herborizations.  In  1841,  on  his  father's 
death,  he  succeeded  him  in  the  chair,  which  he  held  till  1850.  In 
1835  he  published,  as  a  class  book,  his  '  Introduction  a  I'fitude  de  la 
Botanique,'  an  excellent  work,  conceived  and  executed  in  the  spirit  of 
his  father's  *  Organographie  V^getale.'  It  was  reprinted  in  Belgium, 
and  translated  into  German  and  Russian. 

A.  de  Candolle's  labours  were  not  confined  to  botany,  for  through- 
out the  active  period  of  his  life  he  was  engaged  in  civic  duties.  As 
early  as  1834  he  was  elected  a  representative  of  the  Council  of  Geneva, 
later  a  member  of  the  Constituent  Assembly,  and  lastly  of  the  Grand 
Council  from  1862 — 1866.  In  all  movements  for  the  improvement 
of  the  city  and  well-being  of  his  fellow-citizens  and  countrymen, 
especially  the  financial  and  charitable,  he  was  a  zealous  and  judicious 
advocate,  and  he  published  many  well  reasoned  papers  on  these  and 
kindred  subjects.  He  was  the  first  to  advocate  the  Beferendum  in 
financial  affairs,  and  the  use  of  postage  stamps  in  his  canton,  and 
subsequently  in  the  Confederation.  He  was  a  zealous  supporter  of  the 
Soci^t^  de  Physique  et  d'Histoire  Naturelle  de  Geneve,  of  the  Societe 
Helvetique  des  Sciences  Naturelles,  of  the  Societe  des  Arts,  and  the 
Soci^t^  de  Lecture,  and  a  perennial  contributor  to  the  'Archives 
des  Sciences  Physiques  et  Naturelles.'  Of  separate  publications  and 
articles  in  scientific  and  other  journals,  M.  Micheli*  enumerates  235, 
*  *  Archiyes  des  Sciences  Physiques  et  Naturelles,'  Q-eneya,  December^  I8d^. 


of  which  seventy-eight  are  included  in  the  Royal  Society's  '  Catalogae 
of  Scientific  Papers '  np  to  1883.  These  embrace  an  extraordinary 
variety  of  subjects,  and  it  can  truly  be  said  thai  all  are  thoughtful 
and  worthy  of  serious  attention. 

Personally  Alphonse  de  CandoUe  was  distinguished  for  courtesy 
and  liberality  in  thought  and  deed.  Ever  helpful,  no  one  applied  to 
him  in  vain  for  aid.  His  vast  stores  of  knowledge,  his  herbarium, 
his  library,  and  even  his  roof  were  at  the  service  of  all  who  could  make 
g^d  use  of  them.  The  herbarium  and  library  were  left  to  his  son 
Casimir,  under  the  conditions  that  they  be  open  to  botanists,  and 
that  he  conducts  the  publication  of  the  '  Monographiae  Phanerogam- 
arum  '  (continuation  of  the  Prodromus).  He  married  in  1832,  Made- 
moiselle Jeanne  Yictoire  Kunkler,  who  pre- deceased  him,  and  by 
whom  he  had  two  sons.  His  residence  was  Geneva  during  the 
summer,  and  Valon,  a  few  miles  distant,  in  the  winter,  where  he  died 
4th  April,  1893,  in  his  eighty-seventh  yeai\  Amongst  the  numerous 
honours  conferred  upon  him  was  that  of  Correspondent  of  the  Insti- 
tute of  France,  of  which  body  he  was  afterwards  elected  one  of  the 
eight  Foreign  Associates  in  succession  to  Agassiz.  He  was  a  Foreign 
Fellow  of  the  Royal  and  Linnean  Societies 'of  London,  and  of  most 
European  and  American  academies,  a  Doctor  of  Laws  of  Oxford  and 
Cambridge,  and  the  recipient  of  various  medals  and  orders,  including 
the  gold  medal  of  the  Linnean  Society,  and  last,  but  not  least,  the 
Prussian  order  of  "  Pour  le  M6rite." 

J.  D.  H 

Pierre  Joseph  Van  Beneden  was  bom  at  Malines  on  the  19th  of 
December,  1809,  and  died  at  Louvain  on  the  8th  of  January,  1894. 
His  long  life  is  one  record  of  indefatigable  industry  in  the  pursuit  of 
his  favourite  science,  but  otherwise  was  singularly  uneventful.  He 
received  a  medical  education,  and  almost  immediately  after  taking 
his  degree,  was,  in  1831,  appointed  curator  of  the  Natural  History 
Museum  of  the  University  of  Louvain,  and  in  1836,  Professor  of 
Zoology  and  Comparative  Anatomy  in  the  Catholic  University 
founded  in  the  same  town,  after  the  suppression  of  the  ancient  State 
University.  He  continued  steadily  to  discharge  the  duties  of  this 
office,  combined  with  an  uninterrupted  course  of  scientific  research, 
until  within  a  few  days  of  bis  death,  which  resulted  from  a  somewhat 
sudden  attack  of  bronchitis.  He  rarely  quitted  his  home  except  for 
the  purpose  of  visiting  museums,  or  with  some  other  scientific  object 
in  view. 

The  jubilee  of  his  professoriate  was  celebrated  with  great  honour, 
both  at  Louvain  and  at  his  native  town,  in  1886,  seven  years  before 
the  termination  of  his  career. 

His  earliest  scientific  work  was  devoted  to  the  anatomy  and  de- 
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velopment  of  the  MolluRca,  tbe  first  published  memoir  from  his  pen, 
which  appeared  in  the  ''Annalesdes  Science  Naturelles,"  for  1835, 
being  npon  the  geuus  Dreissena.  Numerous  other  papers  followed 
one  another  in  rapid  succession,  cbieflj  in  the  "  Memoires "  or 
*'  Bulletins "  of  the  Belgian  Academy,  and  his  researches  soon 
extended  into  other  branches  of  zoology,  but  mainly  the  aquatic,  and 
especially  marine  forms  of  invertebrates  (as  Hydrozoa,  Bryozoa, 
Turbellaria,  Ascidians,  Arcbiannelides,  Crnstacea,  Hydraohnida,  and 
Pentastomida),  which  frequent  residences  at  Ostend  during  his 
academic  vacations  gave  him  opportunities  of  observing.  For  this 
purpose  he  established  at  his  own  expense  in  1843  a  marine  labora- 
tory and  aquarium,  which  was  one  of  the  first,  if  not  quite  the  first, 
of  these  now  familiar  institutions.  He  also  greatly  advanced  the 
knowledge  of  the  development,  transformations  and  life-histories  of 
the  parasitic  worms,  and  their  relations  to  their  respective  hosts,  one 
of  his  principal  memoirs  on  this  subject  obtaining  in  1858  the 
"  grand  prix  des  sciences  physiques  *'  of  the  Institute  of  Prance.  A 
summary  of  his  researches  into  a  branch  of  zoology  which  he  made 
peculiarly  his  own,  was  published  in  a  popular  form,  as  one  of  the 
International  Scientific  Series,  under  the  title  of  *'  Les  commensaux  et 
les  parasites  dans  le  regne  animal"  1875.  Of  this,  English  and 
German  translations  were  issued. 

It  is  singular  that  throughout  nearly  the  whole  of  his  long  and 
industrious  scientific  career  he  was  engaged  more  or  less  in  two  quite 
independent  and  very  distinct  lines  of  work,  the  one  which  has  been 
referred  to  above,  and  another  by  which  to  many  he  was  almost 
exclusively  known,  and  which  in  his  later  days  became  of  such 
absorbing  interest  as  to  give  him  little  leisure  for  any  other.  Very 
early  in  life  he  was  attracted  by  the  discoveries  of  fossil  bones  of 
whales  made  during  the  excavations  carried  on  in  the  formation  of 
the  fortifications  at  Antwerp,  and  this  led  to  a  systematic  study  of 
this  group  of  mammals,  then,  owing  to  the  want  of  materials  in 
museums,  most  imperfectly  known.  With  an  extraordinary  per- 
tinacity and  zeal,  which  was  continued  to  the  end  of  his  life,  he 
gathered  from  all  available  sources  everything  that  could  be  known 
of  the  Cetacea,  both  existing  and  extinct,  and  published  the 
knowledge  he  acquired  in  innume^'able  short  papers  and  memoirs, 
and  in  several  great  and  handsomely  illustrated  works,  of  which  one, 
the  "  Ostiographie  des  Getaces  vivants  et  fossiles,**  1868-80  (written 
in  conjunction  with  Paul  Gervais),  will  long  remain  the  standard 
work  of  reference  on  the  subject.  Others  especially  relate  to  the 
extinct  species  found  in  the  neighbourhood  of  Antwerp,  and  are  in- 
cluded in  a  series,  which  also  contains  a  description  of  the  fossil  seals 
from  the  same  locality,  published  in  the  ^^  Annates  du  Musee  Boyal 
d'Histmre  NaturelJp  de  Bruxelles.'^ 
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Altlioagh  it  y9&s  chiefly  among  the  lower  forms  of  animal  life  and 
the  Cetacea  that  Van  Beneden  came  before  the  world  as  an  original 
observer,  a  glance  at  the  long  list  of  his  published  memoirs  (nciore 
than  two  hundred  in  number)  show  that  subjects  from  yarions  other 
groups  occasionally  engaged  his  attention  and  his  pen,  and  he  was 
also  the  joint  author,  with  Paol  Gervais,  of  a  general  work,  in  two 
volumes,  on  Medical  Zoology,  published  in  1859. 

Any  notice  of  Van  Beneden  would  be  incomplete  without  reference 
to  his  high    character    and  remarkably   courteous   and   agreeable 
manners.      He  was  gentle,  modest,  kind  and  considerate  to  others, 
and  much  beloved  by  all  who  knew  him  intimately,  as  the  writer  of 
this  notice  had  many  opportunities  of  observing,  both  in  his  own 
family  circle  at  Louvain  and  on   many  visits   which  he  paid  to 
England,   during    which  he    was  always   a    most  welcome    gueet. 
Though  he  remained  to  the  end  a  devoted  son  of  the  Church  in 
which  he  had  been  brought  up,  he  always  showed  the  widest  tolera- 
tion for  the  views  of  others.     The  meetings  of  the  British  Association 
had  a  special  attraction  for  him,  and,  more  than  once,  he  brought 
original  communications  before  them.     His  last  visit  to  this  country 
was  on  the  occasion  of  the  tercentenary  celebration  of  the  University 
of  Edinburgh  in  1884,  when  he  was  the  recipient  of  the  honorary 
degree  of  LL.D.     He  was  elected  a  Foreign  Member  of  the  Boyal 
Society  in  1875,  and  was  also  on  the  list  of  foreign  members  of  the 
Linnean,  Oeological,  and  2ioological  Societies  of  London.     He  was 
President  of    the  Boyal  Belgian   Academy  in   1881,   and  on   the 
occasion  of  his  jubilee  in  1886,  was  nominated  Grand  Officer  of  the 
Order  of  Leopold.     He  has  left  a  large  family  of  daughters  and  one 
son,  Edward,  Professor  of  Zoology  in  the  University  of  Idege,  who 
has  already  acquired  a  reputation  in  science  which  bids  fair  to  equal, 

if  not  surpass,  that  of  his  father. 

W.  H.  P. 

Robert  Young  Armstrong*  was  the  youngest  son  of  the  Rev.  William 
Armstrong,  incumbent  of  Calry,  co.  Sligo,  Ireland,  by  his  wife, 
Cassandra  Maria,  daughter  of  John  Young,  of  Gastlerea,  Roscommon, 
nephew  of  Dr.  Matthew  Young,  F.T.C.D.,  Bishop  of  Clonfert. 

He  was  born  at  Calry  Olebe  the  19th  September,  1839.  His  early 
education  was  conducted  at  the  Clergy  Sons'  Institute,  at  Lncan, 
and,  later,  at  the  Academic  Institute,  Harcourt  Street,  Dublin.  He 
entered  Trinity  College,  Dublin,  in  1856,  and  finally  obtained  a  com- 
mission in  the  Royal  Engineers  on  the  21st  December,  1858. 

After  being  engaged  for  a  few  years  in  the  construction  of  Fort 
Burgoyne,  at  Dover,  he  was  sent  in  1863  to  Canada,  where  he  was 

•  I  am  indebted  to  the  '  Bojal  Eogineen  Journal '  for  the  det«ila  of  Colonel 
Armstrong's  career. 
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stationed  first  at  Montreal,  and  aftertv^ards  at  Hamilton,  on  Lake 
Ontario.  Returning  to  England  in  1868,  he  was  appointed  Assist- 
ant-Instructor in  Signalling  at  Chatham.  His  appointment  was 
changed  in  1871  to  that  of  Assistant- Instructor  in  Telegraphy. 
General  electricity  and  submarine  mining  were  included  in  his 
educational  duties,  which  he  carried  out  with  energy  and 
enthusiasm.  He  liked  the  work,  and,  without  doubt,  he  was 
specially  fitted  for  it.  During  the  succeeding  twelve  years,  under 
his  hands  and  those  of  his  colleagues,  the  application  of  electrical 
science  to  military  engineering  received  extraordinary  development. 
He  became  a  Captain  on  the  3rd  August,  1872,  and  four  years 
later  succeeded  Colonel  Malcolm,  R.E.,  as  Instructor  in  Telegraphy, 
an  important  post  which  he  held  for  nearly  seven  years. 

To  properly  appreciate  Armstrong's  work  during  these  years,  it 
must  be  remembered  that  electrical  science  was  comparatively  in  a 
backward  condition.  The  instruments  in  use  in  the  military  tele- 
graph service  were  obsolete.  The  methods  of  exploding  charges  for 
demolitions  and  for  land  mines  were  crude  in  design  and  uncertain 
in  action.  The  use  of  the  arc  light  for  purposes  of  coast  defence  had 
scarcely  been  thought  of,  although  the  general  subject  of  defence  had 
been  for  some  years  attracting  attention,  and  the  desirability  of 
employing  booms  and  submarine  explosives  for  the  protection'  of 
ports  had  been  considered.  As  the  result  of  an  exhaustive  mintne 
by  Sir  John  Burgoyne,  the  Floating  Obstmction  Committee  carried 
out  a  number  of  experiments,  and  finally  decided  to  introduce  the 
principle  of  submarine  mining.  The  organisation  of  the  first  sub- 
marine mining  company  fell  to  the  lot  of  Armstrong  and  his  staff  at 
Chatham.  Powers  of  invention,  energy,  and  zeal  were  requisite,  and 
fortunately  for  the  public  service  he  possessed  them  all. 

The  records  of  the  War  Office  Torpedo  Committee,  1871-1876, 
and  the  Proceedings  of  the  Rojal  Engineers  Committee,  show  clearly 
the  important  nature  of  his  work  in  connection  with  the  carefully- 
conducted  experiments  that  were  necessary  in  order  that  the  appa- 
ratus might  be  brought  to  a  high  state  of  efficiency.  He  introduced 
the  system  of  testing  submarine  mines  by  means  of  relays. 

In  1879  he,  with  others,  carried  out  a  series  of  experiments  pre-  - 
paratory  to  the  employment  of  the  arc  light  for  coast  defence. 

He  became  a  Major  on  the  9th  October,  1879,  and  in  January, 
1883,  he  was  appointed  Electrical  Adviser  to  the  Board  of  Trade. 
The  introduction  of  electric  lighting  made  it  necessary  to  pass  an 
Act  of  Parliament.  He  advised  the  Board  on  the  difficult  points 
that  arose  in  connection  with  the  efficiency  of  supply  and  the  public 
safety. 

He  succeeded  Colonel  Malcolm  as  Inspector  of  Submarin^e  D^fev:^^««^ 
at  the  War  Office  in  June,  18R4,  and  contviraL^^  ^^c>  \.o  ^^crvaa  *Ocsft 
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Board  of  Trade.  However,  in  1888,  by  reason  of  the  increased 
vitality  exhibited  by  electric  lighting  companies,  he  foand  his  duties 
becoming  so  onerous  that  he  resigned  his  post  at  the  Board  of  Trade, 
and  devoted  the  whole  of  his  attention  to  the  War  Office.  He 
received  the  thanks  of  the  Board  for  the  valuable  services  be  had 
rendered  the  department. 

He  gave  most  arduous  work  to  the  organisation,  both  in  personnel 
and  materiel,  of  the  submarine  defences.  He  served  on  many  com- 
mittees appointed  to  report  upon  special  questions  of  defences.  He 
represented  the  War  Department  at  many  electrical  exhibitions  at 
home  and  in  foreign  countries. 

He  was  elected  a  Fellow  of  the  Royal  Society  in  1891. 

On  the  Ist  July,  1890,  he  had  been  promoted  to  the  rank  of 
Colonel  in  the  army  ;  and  on  the  30th  May,  1 891,  had  been  gazetted 
a  civil  C.B. 

On  the  Ist  July,  1891,  he  was  appointed  Royal  Engineer  member 
of  the  Ordnance  Committee.  His  health,  however,  failed,  and  he 
retired  on  a  pension  on  the  7th  December,  1892.  At  firat,  the  rest 
appeared  to  act  beneficially,  but  early  in  1894  he  caught  a  chill,  from 
which  his  delicate  constitution  never  recovered.  He  gradually 
became  weaker,  and  passed  away  on  1st  November,  1894,  at  Prospect 
House,  Omeath,  Ireland. 

He  was  buried  at  Mount  Jerome  Cemetery,  Dublin. 

Armstrong  was  a  man  of  high  personal  character,  of  affectionate 
disposition  and  gentle  manners,  and  the  most  pleasant  of  companions. 
He  was  greatly  beloved  in  his  own  corps,  in  which  he  had  numerous 
friends,  and  also  by  those  with  whom  he  was  associated  in  the  many 
important  posts  he  held.     By  them  he  is  deeply  mourned. 

P.  A.  M. 

BissET  Hawkins  was  born  in  London,  in  the  year  1796,  and  was 
at  the  time  of  his  death,  on  December  7,  1894,  the  oldest  Fellow  of 
our  Society,  having  been  elected  on  December  18,  1834,  as  well  aii 
by  some  fourteen  years  the  oldest  Fellow  of  the  Royal  College  of 
Physicians. 

Dr.  Hawkins'  place  in  the  history  of  science  and  of  medicine  is  as 
a  student  of  public  medicine,  at  a  time  when  sanitary  authorities 
and  general  register  offices  had  not  been  devised.  Returning  to 
London,  after  his  graduation  at  Oxford  in  1825,  he  presently  took 
an  interest  in  medical  statistics,  a  subject  then  in  its  infancy,  and  in 
a  volume  enlarging  his  Qulstonian  Lectures,  of  1828,  ho  brought 
together  what  records  of  disease  and  death  were  obtainable  about 
various  communities,  and  found  in  them — to  use  his  own  words — 
proof  of  the  empire  of  human  art  over  disease.  In  1831,  when 
cholera  was  threateniwg  St.  Petersburg^  he  made  a  serviceable  col- 
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lection  of  facts,  so  far  as  they  could  be  learned,  respecting  the 
march  of  the  disease  from  India  through  Russia,  and  was  able  to  end 
his  story  by  telling  of  a  Board  of  Health  established  for  England, 
with  Sir  Henry  Halford,  President  of  the  College  of  Physicians,  at 
its  head. 

Dr.  Hawkins*  professional  knowledge,  combined  with  his  regard 
for  numerical  accuracy,  was  recognised  by  his  appointment  succes- 
sively to  office  as  Factory  Commissioner  and  Inspector  of  Prisons. 
He  rendered  useful  service  in  these  capacities,  particularly  in  pleading 
for  abridgment  of  extravagant  hours  of  labour  by  women  and  children, 
and  by  preventing  serious  sanitary  mistakes  by  the  Government  of 
the  time  in  its  dealings  with  prisoners.  He  afterwards  became  a 
Commissioner  in  Lunacy. 

When,  in  1836,  provision  was  made  for  registering  births  and 
deaths  throughout  England,  Dr.  Hawkins  was  in  a  position — in  the 
counsels  of  the  College  of  Physicians  and  of  the  Government — to 
speak  with  authority  in  favour  of  a  proposal  t-o  record  the  fatal 
disease  in  the  death  register ;  along  with  the  mere  facts  of  identity 
and  of  time  and  place.  Of  course  it  could  not  be  long  befoi-e  the 
value  of  this  record  was  felt ;  and  the  column — at  first  reserved  experi- 
mentally for  "  causes  of  death" — has  long  been  seen  to  be  the  most 
important  of  all  the  columns  of  the  register  for  the  purposes  of  the 
community. 

Dr.  Bisset  Hawkins,  in  1838,  urging  on  England  a  greater  interest 
than  she  then  took  in  the  affairs  of  Germany  *'and  her  allied 
countries,"  had  to  coin  a  phrase  to  distinguish  the  wider  idea  of 
social  life  taken  in  Germany  from  the  subjects  which  formed  the 
political  economy  of  England  at  that  period.  He  would  have  English- 
men study  the  "  state  economy  "  of  Germany,  her  natural  history, 
her  educational,  medical,  and  other  concerns,  that  were  at  the  begin- 
ning of  the  century  much  better  cared  for  in  Germany  than  in  his 
own  country.  He  lived  to  see  his  distinction  well  nigh  effaced ;  and 
we  may  credit  him  with  having  helped  to  the  efiPacement. 

He  spent  the  later  years  of  his  life  at  his  residence  at  Bourne- 
mouth, in  Dorsetshire,  a  deputy -lieutenant  of  the  county,  the  ideal  of 
an  English  country  gentleman  ai\d  retired  scholar. 

G.  B. 

Albert  William  Beetham  was  bom  in  London,  on  August  20, 
1802,  being  the  eldest  son  of  William  Beetham,  F.R.S.,  Deputy- 
Lieutenant  for  the  county  of  Middlesex.  He  was  elected  a  Fellow 
of  the  Linnean  Society  on  February  6,  1827,  and  of  the  Royal 
Society  on  February  5,  18S5.  He  wns  appointed  Clerk  of  the 
Cheque  and  Adjutant  of  the  Honourable  Corps  of  Gentlemen- 
at-Arms   on   July   3,    1835.      In    November,   IVi'i^,  V^  ^^'a.  ^^^^'ia^ 


XXVI 

to  the  Bar  at  Gray's  Inn,  and  practised  as  a  special  pleader  ou 
the  Western  Circnit.  He  was  appointed  Recorder  of  Dartmouth  in 
1860,  and  at  the  time  of  his  death  was  Deputy-Lie atenant  for  the 
Tower  Hamlets,  and  Justice  of  the  Peace  for  Middlesex  and  the 
Tower  Hamlets.  He  married,  in  1827,  Caroline  Jane,  daughter  of 
John  Caplin,  Master  of  the  Leathersellers*  Company,  of  the  City  of 
London,  and  died  at  West  ClifF,  Dawlish,  Devonshire,  on  March  11, 
1895. 

M.  F. 
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ERRATA. 

VOL.  56,  1894. 

Page  92,  8th  line  from  top,  §  10,/or  "  no  "  substitute  "  comparatiTely  Httle." 

98,  kst  line  but  one  of  §  18, /or  "  B.KT*  "  swbstittUe  "6.10-","  and /ur 

*'  4-8  per  cent."  subsHtute  "  4-8.10-*." 
„   delete  the  first  paragraph  of  §  14. 

„    line  5  from  the  end  of  §  14,  for  "  Even  "  subHitute  "  But,"  and  in  line  3 
from  the  end  of  §  14  for  "  sufficient "  substitute  "  insufficient." 
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VOL.  57,  1896. 

P.  267,  line  12,  for  deduction  read  correction  (additife). 
„    16, /or  1-2505  roKi  1-2611. 
„    20, /or  2-2984  re0<i  2-2996. 
„     „  /or  0-87471  r«irf  0  87517. 
„     „  /or  13-9954  r«Mi  14-003. 
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